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PREFACE. 



Ik presenting this monograph to the 
public, I make no claim for its complete^ 
ness, nor of my infallibility, but take 
pleasure in giving the reader some facta 
concerning mechanical draft in a handy 
form for ready reference. 

Some of the material has already ap- 
peared in an article which I prepared for 
the Engineering Magazine. 

Credit for the work of others is given 
as far as possible. 

I trust that the book may be read as 
being unbiased, as far as any particular 
make of apparatus is concerned. 

The rapid sale of the first edition of 
this book has led to its reissue as one of 
the Van Nostrand^s Science Series^ with 
a few corrections and additional matter 
added. 

William Wallace Christie. 

Paterson, N. J., Nov. 1901. 
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UNIVERSITY 

or 



FURNACE DRAFT. 



Its Production by Mechanical Methods. 



A CHIMKEY is a means most frequent* 
ly employed to provide draft for the 
combustion of fuel under or in boilera 
or other heat devices. 

It provides the draft by means of the 
waste heat, or a waste of heat; the draft 
being a result of the difference in 
weight of a column of comparatively 
cold air without, and a column of com- 
paratively very hot air within the chim- 
ney; the writer would call draft pro- 
duced in this way natural or static draft. 

Draft produced by mechanical meth- 
ods as in the case of a blower, or steam 
jet, could be termed forced or dynamic 
draft. It is dynamic or forced draft 
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with which we are directly concerned at 
present. 

The particular method of producing 
draft to which the term *' forced draft ^* 
is or has been applied, is that which em- 
ploys a centrifugal fan which forces air 
in a closed ashpit, up through the bed 
of fuel, the gases passing out of a short 
chimney. This method is not used for 
excessively heavy fires, nor in large boil- 
er units; it being necessary to shut off 
the fan before firing fresh coal, as the 
air forces itself through the fire in spots, 
unless closely watched, giving a very un- 
satisfactory combustion. 

Forced draft has the advantage of be- 
ing easily installed, and that no specially 
cooled bearings are needed on the fan as 
it handles cool air. 

Forced draft is regulated in part by 
means of a valve or hood connection to 
the inlet pipe located in the ashpit of 
the boiler, having a rod extending to 
the outside of the setting which may be 
used to open or close a flap valve as con- 
ditions require. 
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Induced draft is a system much lees 
generally used than "Forced Draft;" 
the fan drawing the air through the firQ. 
and hoiler to itself, the resuW^is more 
nearly likejaatural draft from a chim- 
ney, and it has no serious effect on the 
fire, nor does it interfere in the least 
with charging fresh coal while the fan 
continues to run. 

The high temperature of the escaping 
gases, however, necessitates a design of 
fan suited to the purpose. Especial at« 
tention must he paid to the design of the 
journal boxes of the fan; these are usually 
kept cool with a water jacket, a device 
which has proven all that is needed for 
the purpose. 

While fans for forced draft may be 
made of cast iron, fans for induced draft 
are always made of sheet steel. In either 
instance peripheral discharge fans are 
used, high pressure not being as much 
needed as a great volume of air at a mod«> 
erate pressure. 
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Fig. I. 
Induced Draft Plant 
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A chimney which extends at least 10 
feet above the roof of 
the building containing 
the fan or fans is used 
with either method in 
order to prevent fire, 
and to carry the gasea 
so high as not to be 
offensive to the com* 
munity. 

Frequently for archi- 
tectural effect, or on 
account of local regula- 
tions, the chimney ia 
made higher; and again 
where looks are of no 
consequence the chim- 
ney may be omitted al- 
, together. 

Another system that 
is often employed is 
i Forced-Induced draft, 
Blast Nozzle Suspended a Combination of the 
in Brick chimftey. two Systems mentioned 

^*'- F10.2 above. 
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Stai another system is Forced-Natural 
draft in which a centrifuge fan is em- 
ployed to furnish the air necessary to 
combustion, also to regulate the same to 
suit the steam pressure carried in the 
boiler; a chimney being used to produce 
the draft and exhaust the gases from 
the furnaces. 

An absolutely air-tight ashpit is not 
needed with this method, but is both 
desirable and necessary with ** forced'* 
draft. 

A steam jet in the chimney or flue, 
is frequently used to create draft or 
assist and increase that already obtained 
by the heat of the escaping gases. 

The large quantity of steam used by 
thefjets in proportion to the quantity 
made in the boiler plant using steam jets 
will be considered later. 

In connection with a chimney to assist 
in exhausting the gases, a steam blower 
(not jet) is occasionally used, being placed 
in the furnace front or side wall of a 
boiler setting having a closed ashpit. 



d by Google 



11 

As is the case with^ tlie jet, the blower 
is a lai^e conBumer of steam. The Ad- 
vantages of mechanical draft as com- 
pared with natural-chimney-draft are 
well summed up by Mr. Jas. Howden, of 
England, as follows: 

1. Complete combustion of fuel of all 
qualities under conditions in which com- 
bustion could not be efficiently obtained 
by natural draft. 

2. The power of regulating with ease 
the amount of combustion desired, from 
zero to many times that possible by nat- 
ural draft, also the capability of main- 
taining the fuel in the furnace incandes- 
cent for a considerable time without 
appreciable consumption. 

3. A great reduction in the size or 
number of boilers required to produce a 
given power, and the capability of in- 
creasing the power in steamships far be- 
yond that now obtainable with boilers 
worked by natural draft, 

4. Greater economy in producing 
steam from the following causes: 
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(a) From more complete oombnstion 
of fuel than is attainable by natural 
draft with a reduoed admission of lur. 

(b) From the higher temperature of 
the furnace arising the more perfect and 
higher rate of combustion, and from the 
air supply being partially heated before 
entering the furnace. 

(c) From the utilization of the waste 
heat of the escaping gases« 

(d) From the prevention of heat from 
the furnaces and ashpits being radiated 
into the stokehold. 

(e) From the much less expenditure 
required to supply the air of combustion 
from a fan than is required to heat a 
column of air in a chimney, to obtain 
supply by natural draft. 

(/) From preventing a cooling down 
of the boiler by a rush of cool air to the 
furnace, when a furnace door is opened. 

5. Less discomfort in stoking, the 
stokehold fresh and cool by the radiation 
of heat from the furnaces being pre- 
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vented, and the fan drawing fresh air 
into it continuously independ^tly of 
ventilators. 

6. The complete absence of the great 
nuisance of smoke in the use of steam 
power. 

7. The abolition of all unsightly 
chimneys in town and country now nec- 
essary for combustion by natural draft. 

The readiness with which one of these 
systems may be adapted to any of tiie 
various conditions that exist is a point in 
its favor. 

The convenience of the outfits leads 
to their adoption, in many cases; for on 
short notice — a few days or even less — a. 
forced draft outfit may be ordered, re- 
ceived and installed. Likewise we can 
as readily arrange for a steel chimney of 
reasonable diameter and height. 

Forced draft and chimney draft may 
be regulated within the extreme limits 
provided by, or inherent to the outfits 
themselves. 
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The economy in burning cheap fuels 
i& an inducement offered to steam users 
in favor of forced draft; the cheaper 
grades of fuel may also be burned in a 
properly designed boiler furnace using 
natural draft. 

A draft required for the efficient com- 
bustion of all fuels, in the majority of 
cases, is within the limit of that pro- 
duced by a chimney of moderate height, 
which can be seen from the accompany- 
ing tables. 

Draft Required for Efficient Combustion 

of Fuels.* 

Inches of Water. 

Straw 0.20 

Wood 0.30 

Sawdust 0.35 

Peat, light 0.40 

Peat, heavy 0.50 

Sawdust mixed with small coal 0. 60 

Slack, ordinary : 0.6 to 0.9 

Steam coal, round 0.4 to 0.7 

Slack, very small 0.7 to 1.1 

Coal dust 0.8 to 1.1 

Semi-anthracite coal 0.9 to 1.2 

Breeze and slack mixed 1.0 to 1.3 

Anthracite, round 1.2 to 1.4 

Breeze and coal-dust mixed. . . 1.2 to 1.5 

Anthracite slack 1.3 to 1.8 

• Dr. R. H. Thurston. 
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125 
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rests by R B. Coxe-Maz. Sizes. 
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♦ Tubes having retarders, Hor. Tub. Boiler Tests.— 
Trans. A S, M. E., Vol. 17. 
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Initial Heat. 

According to Kerl, the initial or free 
heat, or temperature to be reached to al- 
low the particles of carbon to properly 
ignite with those of oxygen, is as fol- 
lows: 



Substance 


Degrees 


c. 


Pahr. 


Peat 


225 
295 
826 
360 
600-800 


437 


Pine 


563 


Soft Coal 


619 


Charcoal made by low heat . 
Charcoal made by high heat 


680 
1112-1472 



Heat of Combustion. 

1 lb. C to CO, gives 8140 calories, or 
14,660 B. T. U. 

1 lb. C to CO gives 2474 calories, or 
4450 B. T. U. 

1 lb. C from CO to CO, gives 5666 
calories, or 10,200 B. T. U. 

1 lb. CH, to CO, plus H,0 gives 
13,305 calories, or 23,950 B. T. U. 

[N. E. C. M. A., No. 58.— E. B. Coxe. 
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The results in evaporation of water 
when using different grades of small 
anthracite coal has been determined by 
a large number of tests,* giving us the 
following averages : 



lbs. water from and 
at 212° F. 



Buckwheat 

Rice (No. 2 Buckwheat). 
Culm (pea, buckw., rice, 

barley and dust) 

Barley (No. 3 Buckwheat) 




11.19 
10.89 



Not from same mine. 

In a general way we may say there is 
no difference in evaporative results when 
using any of the above coals* 

The rate of combustion with forced 
draft may be increased far beyond 
25 lbs. of coal per square foot of grate 
per hour, which is about all that is de- 
sirable to have with chimney draft, to as 
much as 120 lbs, and even more, as in 

* N. E. C. Mfrs. Assn. No. 58— Coxe. 
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locomotive practice, for ia the Purdue 
Tests we have a rate of 240.8 lbs, report- 
ed, and this without a very great loss in 
efficiency, as we shall see later. 

One of the large installations of In- 
duced Draft -4s in the Electric Power 
House, 59th Street and East Eiver 
[Power Dec. 1897] where 2 or 3 14-ft. 
fans draw the gases through American 
Fuel Economizers, and then to further 
reduce their temperature and remove the 
60ot, etc.,. the gases are passed about 
baffle plates, much as steam is sent 
through a separator, and then in a 
scrubber from which they emerge at 
about 100 deg, F. 

This plant has a short steel chimney 
just sufficient to clear the roof of the 
buildings in the immediate vicinity. 

The space occupied by centrifugal 
fans is often that above the boiler set- 
ting, and as such is considered of no 
particular value; in a like manner steel 
chimneys are frequently set on boiler 
settings and do not take up as much 
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spaee iiira^ horizontal plane as a centrif- 
ugal fan. 

In the installation of the steam plant 
of the Lacombe Electric Co., Denver 
(Fig. 3), not only is the forced draft ap- 
paratus occupying room away from the 
boilers, but is of necessity under cover 
of a steel truss roof. Steel chimneys when 
located out of doors take up much less 
space than in this lay-out, and while 
brick chimneys may take up as much 
room, still they eliminate the roof ex- 
pense, and the exterior dimensions of the 
base of the foundation is about the same 
in brick and self-supporting steel chim- 
neys. 

Large brick, or any brick chimneys 
cannot be moved intact as readily as can 
steel ones, or centrifugal fans, and the 
portability of the fan is a point that has 
been raised in its favor. 

If a company is in business only for a 
few months, almost any draft device will 
do, but should they intend to continue in 
business for a longer period, portability 
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will not cnt mncli of a figure in any sys- 
tem of draft production. 




Fig. 3. 
Induced-Draft Plant 

Lacambe Electric Co., Denver. Col 

If the rate of combustion is increased 
by mechanical methods, so that we ob- 
tain sufficient evaporation from a part of 
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the plant, we can dispense with one or 
more of the boilers ; the increased rate of 
combustion, however, which must be at- 
tained to do this, will naturally give us a 
less efficient rate of evaporation of water 
per pound of coal, so that the user will 
need to decide which is the more desir- 
able, to get the most out of the coal for 
its cost, or the most out of the plant for 
its first, cost only. With an increased 
rate of combustion, we have added wear 
and tear on all parts of the boiler; this 
expense is also to be considered. 

As nearly all well conducted boiler 
plants have an extra boiler or two, so as 
to allow of one or more being out of 
commission all of the time for cleaning or 
repairs, there is no advantage in having 
a "smaller boiler plant." 

Davidson^s System. 

A system of forced draft invented by 
Mr. Davidson of Belfast [Elec. Times — 
London] consists of a cylindrical box of 
diameter equal to the furnace fitted on 
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its front, from which cast-iron tubes 
project at a slight declivity over the fire, 
through which air is blown over or into 
the fire, and by tubes into the ashpit, 
the air in it is also kept under pressure. 

Tests made on four boilers thus 
equipped, at a large manufacturing plant 
showed 



Coal used daring working 
hours 

Gallons of water evaporated 
during \*^orking hours . . . 

Evap. per lb. of coal 

Cost of coal per week, £.s.d. 



A. 



50 tons 

80000 

7. 14 lbs. 
23.19.2 



B. 



64Jtons 

80000 

5.53 lbs 
17.14.9 



or a saving of 25^ in coal bill by using forced 
draft, B, over natural draft, A. (St. Eng.^ v. 3, 
p. 250). 

The late Eckley B. Coxe, probably 
more than any other man, understood 
the successful burning of small anthra- 
cite coal. 

In a paper* before the New England 
Cotton Manufacturers* Association in 

* N. E. Cotton Mfre. Assn., No. 88, p. 142. 
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1895 on this general subject, when treat- 
ing of steam-making and boiler settings, 
he gives the nnavoidable losses of com- 
bustion as follows : 

'^ First. —The heat lost by converting 
into steam the water contained in the 
coal, in the air used in burning it, and 
that formed by the burning of the hydro- 
gen and heating it to the temperature at 
which the gases leave the stack. 

'^ Second, — The heat necessary to raise 
the carbonic acid gas formed by burning 
the carbon, the nitrogen present in the 
air, and the sulphurous anhydride, that 
may be formed by burning the sulphur, 
to the stack temperature. . When we 
have perfect combustion there will also 
be a certain amount of free oxygen in the 
stack gas, which must also be heated to 
the same temperature, as it is impossible 
not to have a certain excess of air when 
the combustion of the coal is complete 
or nearly so. There is also a certain 
amount of heat lost by heating the ashes 
which are taken from the ashpit at a 
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temperature above that at which the coal 
enters the furnace, and there is a certain 
amount of unconsumed carbon remain- 
ing in the ash which occasions a loss, in 
many cases a large one. The latter can, 
by careful firing, be very much reduced, 
but can never be entirely eliminated. 
There is also an unavoidable loss occa- 
sioned by the radiation from the boilers 
and walls, which, by careful construc- 
tion, and coating the plant as far as pos- 
sible with non-conducting materials, may 
be reduced, but never eliminated. 

*'The avoidable or partly avoidable 
losses are : 

^^ First. — Those due to incomplete 
combustion. Too large a proportion of 
the carbon may be unconsumed and pass 
out with the ash, a portion of the carbon 
instead of being burnt to carbonic acid 
may be converted only into carbonic ox- 
ide, and thus 69.62 per cent, of the heat 
units in the carbon be lost, a certain 
amount of hydrogen and marsh gas may 
• be allowed to pass out of the stack, and 
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all the beat units contained in them be 
lost. 

'* Second. — Loss from excess of air. 
While theoretically, to burn one pound 
of carbon it is necessary to use Only 11.60 
pounds of dry air, yet in practice this is 
not possible, as every particle of oxygen 
in the air cannot be brought in intimate 
contact with the incandescent fuel at the 
proper time, so that it is necessary to use 
more than the theoretical quantity. But 
in most cases the excess is far beyond 
what would really be required if the firing 
is carefully done. 

"This occasions great loss. 

^^ First, — Because all the oxygen not 
used and the nitrogen which accompanies 
it must be heated to the stack tempera* 
turo, and heat thus lost; and 

Second, — Because it is practically im- 
possible to obtain air free from moisture, 
which must be converted into steam and 
heated to the stack temperature. As 
vapor of water carried into the fire by the 
air causes a loss, it is evident that the 
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artificial introduction of moisture, either 
by wetting the coal or by producing the 
blast with steam must necessarily increase 
materially the loss of heat in the stack 



'^ Third, — The next avoidable cause of 
loss is too high a stack temperature. It 
is self-evident that the heating of the 
vast amount of stack gases which are be- 
tween ten and -thirty times the weight 
of the coal burned, above the tempera- 
ture to which they can be economically 
reduced, is a very serious waste, particu- 
larly if this temperature is very much in 
excess of what it should be. 

*' Fourth, — Loss by removing the ashes 
at too high a temperature. In many 
cases the ashes are so hot when taken 
irom the furnace that they have to be 
wetted down. Of course all this loss of 
heat that can be avoided, represents so 
many dollars thrown away. 

'' Fifth, — Loss by radiation. It is im- 
portant to have the outside surface of the 
plant, up to the point at which the gases 
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cease to give up their Heat, as small and 
as cool as possible, either by increasing 
the thickness of the walls, or by covering 
everything exposed to the air as much as 
conveniently can be done with non-con- 
ducting material, as the radiation in- 
creases with the area exposed, and with 
the difference in temperature of the sur- 
face of the walls above that of the sur-^ 
rounding atmosphere/^ 

"We shall now consider the first three 
of the avoidable losses: 

(a) The loss from incomplete combus- 
tion is due largely to poor firing and 
careless cleaning of fires, when much un- 
burnt fuel passes through the grates, or 
when with too strong a draft the particlea 
of coal dust are blown to the chimney or 
exhausted to the blower before they are 
consumed. 

(b) The loss from excess of air is one to 
which we cannot give too much thought. 

One pound of carbon requires 11.6 lbs* 
of air for its complete combustion. 
Though there is much uncertainty a3 
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to just how much air is used in the burn- 
ing of fuel, it is said that with forced 
draft 50 per cent, excess air is required 
in addition to the theoretical quantity, or 
a total of 18 lbs. of air per pound of coal. 

When natural chimney draft is used 
100 per cent, excess of air or 24 lbs. of 
air per pound of coal. 

First Case. — ^Natural draft, 60 deg. F. 
temp, of outside air. Escaping gases, 
60 deg. plus 440 deg., or 500 deg. F. 

One lb. of coal requires, with 100 per 
cent, excess of air, 24 lbs. of air. 

Second Case, — Forced draft, 60 deg. F. 
temp, of outer air. Escaping gases, 60 
deg. plus 240 deg., or 300 deg. F. 

To raise one lb. air — First case re- 
quires 0.2377 X 440=105 B. T. U. 

To raise one lb. air — Second case re- 
quires 0.2377 X 240=57 B. T. U. 

One lb. of coal, forced draft, wastes 
18 lbs. of air, with 57 B. T. U. each lost, 
or 1126 B. T. U. per lb. coal. One lb. 
of coal, natural draft, wastes 24 lbs. of 
air, with 105 B. T. U. each lost, or 2520 
B. T. U. per lb. of coal. 
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Under the above noted conditions ther^ 
is a waste of 2520-1126 or 1394 B. T, U. 
per lb. of coal burned with natural draft 
as compared with forced draft. Consid- 
ering the heat units per lb. of coal a» 
14200 B. T. U. we have a heat loss from 
using natural draft equivalent to 

2520x100 ^„„, 
-3j^^^= 17.74 per cent. 

We have a heat loss from using forced 
draft equivalent to 
1126x100 

14200 = ^-^^ P*'^ °*"'*- 

From the above we have a heat loss of 
17.74—7.93 = 9.81 per cent, from using- 
chimney draft, which may seem to be in. 
favor of forced draft by a centrifugal 
blower, but it can readily be appreciated 
that when the air needed to complete: 
combustion, or admitted to the fire> 
when natural draft is used, approaches 
the quantity sent through the fire by a 
blower, there is less and less economy of 
the blower over the chimney until when 
the amount of air is the same, no differ- 
ence exists as to the economy of the on^ 
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method oyer the other, excepting the 
interest and operating expenses of the 
blower, which latter is a considerable 
item and one not to be lightly turned 
aside. The influence of surplus air and 
a common temperature of escaping gases 
on the economy of a boiler is shown by 
what E. B. Coxe says: ^'If you have 3 
per cent, free oxygen, 17 per cent, car- 
bonic-acid gas, and 80 per cent, nitrogen, 
and a stack temperature of 500 deg. F., 
the heat loss is 12.27 per cent. 

If you have 1 per cent, of carbonic ox- 
ide, 3 per cent, of free oxygen and 16 per 
cent, of carbonic acid, and a stack tem- 
perature of 500 deg. F., the heat loss is 
16.12 per cent. 

Thorough burning of (CO) carbonic 
oxide is necessary to a high heat efficiency. 

From the following table : 

Air at 300 deg. F. has a volume of 1.546 cu. ft. 
w 500 ** ** *' 1.954 '' 

based on a volume of 1 for air at 32 deg. F. 

So that from the above the chimney 
moves about 26.39 per cent, greater vol- 
ume of air than the fan. 
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Composition of Dry Air. 




[From J. P. Cooke's Principles of Chemical PhiUmphy.] 



Table of Weight and Volume of Dry Air. 





Pressure 








Pounds per 






Pounds per 


Sq. In. above 


Volume In 


Atmospheres 


8q. In. above 


the Atmos- 


Cubic Feet 




a Vacuum 


phere (Gaugt 






\ 


Pressure) 




1.00 


14.70 


0.00 


1.0000 


1.10 


16.17 


1.47 


0.9346 


1.25 


18.37 


3.67 


0.8536 


1.60 


22.05 


7.35 


0.7501 


1.75 


25.81 


11.11 


0.6724 


2.00 


29.40 


14.70 


0.G117 


2.50 


36.70 


22.00 


0.5221 


8.00 


44.10 


29.40 


0.4588 


3.50 


51.40 


36.70 


0.4113 


4.00 


58.80 


44.10 


0.3741 


5.00 


73.50 


58.80 


0..3194 


6.00 


88.20 


73.50 


0.2806 


7.00 


102.90 


88.20 


0.2516 


8.00 


117.16 


102.90 


0.2288 


9.00 


132.30 
147.00 


117.60 


0.2105 


10.00 


132.30 


0.1953 


15.00 


220.50 


205.80 


0.1465 


20.00 


294.00 


279.80 


0.1195 


25.00 


367.50 


852.80 


0.1020 
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Volume and Weight of Dry Air 

&t Different Temperatures under a constant Atmos- 
pheric Pressure of ag.ga inches of Mercury in the 
Barometer (One Atmosphere), the Volume at 33 
Degrees Fahrenheit being z. 



1 B 


S 4J 


* ^ « 


2 


a ** 


« ^ « 




i! 

5 2 


ight of 
bicfoo 
poundi 


i^ 


p 


Ight of 
bic f 00 
poundi 


Is 


» 3 d 


^8 


$sa 


32 


1.000 


0.0807 


650 


2.260 


0.0357 


42 


1.020 


0.0791 


700 


2.862 


0.0388 


62 


1.041 


0.0776 


760 


'2.464 


0.0328 


62 


1.061 


0.0761 


800 


^.r«6 


0.0816 


72 


1.082 


o.fy:i7 


860 


^.t368 


0.0803 


82 


1,102 


0.0733 


900 


a. 770 


0.0292 


92 


1.122 


o.oTao 


950 


2,872 


0.0281 


102 


1.143 


o.ony? 


1,000 


2 Am 


0.0268 


112 


1.163 


D.Qim 


1,100 


a. 177 


0.0254 


122 


M84 


0,<.>tth3 


1,200 


a r«i 


0.0289 


132 


1.304 


OOTl 


1,800 


^.?m 


0.0225 


142 


1.S24 


O.CXM) 


1,400 


3,789 


0.0213 


152 


1,245 


iLilCM 


1,500 


3.998 


0.0202 


162 


1.266 


<ijm^ 


1,600 


4.197 


0.0192 


172 


1.286 


0,0038 


1,700 


4.401 


0.0183 


182 


1.306 


fljTfilfl 


1,800 


4.605 


0.0175 


192 


1.326 


0,OftiJ» 


1,900 


4.809 


0.0168 


202 


1.847 


O.OtlOO 


2,000 


5.012 


0.0161 


212 


1.867 


0.0391 


2,100 


5.216 


0.0165 


230 


1.404 


0,0575 


2,200 


6.420 


0.0149 


260 


1.444 


O.05S0 


2,300 


6.624 


0.0142 


276 


1.495 


O.O^WI 


2,400 


5.828 


0.0138 


aoo 


1.546 


O.Oft^ 


2,500 


6.032 


0.0183 


326 


1.697 


o,or^;6 


2.600 


6.236 


0.0180 


350 


1.648 


<).04W 


2,700 


6.440 


0.0125 


375 


1.689 


0.0477 


2,800 


6.644 


0.0121 


400 


1.750 


0,OJR1 


2,900 


6.847 


0.0118 


450 


1.852 


O.MSd 


3,000 


7.051 


0.0114 


500 


1.954 


f'.rm-j 


3,100 


7.255 


0.0111 


550 


2.056 


0.\Jriiii 


3,200 


7.459 


0.0108 


600 


2.158 


0.0376 









[From Compressed Air.] 
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Calorific Power and Air Required per Cubic 
Foot. 



1 Cubic Foot 


B. T. U. 

ateO" F. 
and 30" 


Cubic feet 
required 


Cu.ft 
formed of 




826.2 
323.5 
1009.0 
1558.0 


0. 


Air 


Steam 


CO, 


Carbon Monoxide 

Marsh Gas 

OlefiantGas 


.5 

.5 

2.0 

3.0 


2.39 
2.39 
9.66 
14.34 


1 

2 
2 



1 
1 
2 



Air = 20.92 per cent, of Oxygen. 
1 lb. Carbon burning to CO, requires 11.6 lbs. of air. 
1 lb. Carbon burning to CO requires 5.8 lbs. of air. 
[R. D. Wood & Co.] 

From tests made at the Electro-tech- 
nical Exhibition, Frankfort-on-Main, in 
1891, we have for two types of water-tube 
boilers these results : 



Per ct. heat utilized by boiler. . . 
'* ** lost in escaping gases 

" ashpit 

** " unaccountable, radia- 
tion, etc 



Total loss . 



Times theoretical quantity of air 
supplied 

Temp, escaping gases, degrees F. 

Water gauge (with Siegert Durr's 
Instrument) 



70.00 

17.70. 

1.70 

10.60 



100. 



2.00 
545.9 

0.48 in 



73.30 

17.70 

8.10 

5.90 



100. 



1.82 
590. 

0.20 in 



[See N, E. C. M. A. No. 58, p. 168, for more complete table] 
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The heat lost, etc., confirm in a general 
way the previous calculations. 

The losses from too high a temperature 
of the escaping gases are common to 
boiler plants, and with a blower forcing 
the draft, the temperature may easily and 
frequently does become excessively high. 

The economy of the low flue tempera- 
tures, combined with comparatively low 
rates of combustion, low percentages of 
CO, and little or no free oxygen in the es- 
caping gases, is shown quite conclusively 
by the following reports of actual tests : 

Tests of a Babcock and Wilcox Boiler. "^ 



April, 1899. Day. 



11th 



mh 



13th 



14th 



Average per cent. 00,. 
*' O.... 

CO , 



Ashpit 

Air Supply 

Temperature escaping 

uptake de^. F. 

Temp. outs, air, deg. P. . . . 

*' fire room, deg. F 

*' of air entering ashpit 

Vacuum in chimney. . . .mches 

Rate of combustion coal 

Equiv. evap. from and at 212° 

F. per lb. comb., atmos.pres. 



10.7 

7.8 

.5 

clos'd 

cold 

619 
55.1 
71.0 



10.9 

7.7 

.OS 

open 

norm, 

445 
52.4 
66.3 



1.43 



10.18 



0.48 
19.88 



11.79 



10.9 

8.1 

.06 

clos'd 

hot 

572.7 
64.9 
96.1 

165.5 
1.41 
41.88 

11.21 



11.1 

8.7 



clos'd 

cold 

521 
62. 

83.75 

.61 



12.15 



* For U. S. S. Alert, 1899.— St. Eng. Hep., U. S. N. 
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Niclausse Boiler.'" 



Mat, 1899. Day 


2d 


3d 


4th 


5 th 1 6th 


Average per cent. CO-.. . 


6.18 


5.07 


4.95 


6.74' 7.10 


" " 0...... 


11.58 


13.73 


13.69 


11.62 


9.60 


CO... 


.94 


.62 


.77 


.53 


.90 


N 


81.30 


80.58 


80.65 


81.11 


82.40 


Temp. esc. gaseB, deg. F. 
" outside air. " 
" fire room, deg. F... 




525 


464 


389 


794 


84.6 


70.7 


62. 


69.4 


69. 


98.2 


80.4 


79.8 


85. 


96.6 


'* of air entering ash- 












pit, deg. F......: 


106.4 
26.63 


189.1 
26.79 






319.9 


Rate of combustion, coal. 


23.87 


14.24 


46.18 


Eqniv. evap. from and at 
212® F. per lb. combus. 












10.24 


10.38 


9.76 


10.78 


9.22 



Gas Analysis— Boiler Tests. 







r 


I. 
II 

¥ 


Per Cent. 




|. 




S 


O 


8 


ftO 




1 


20.45 


12.19 


14.0 


4.5 


1.1 


16.8 


466deg.F. 




2H. 


20.95 


12.70 


12.7 


5.7 


0.0 


19.1 


493 




3U. 


34.06 


11.47 


13.1 


4.2 


1.5 


17.3 


608.6 




4H. 


35.61 


11.50 


12.8 


5.7 


0.6 


18.8 


570.6 


¥4 


i' 


50.95 


11.43 


11.8 


6.9 


0.4 


20.6 


640.0 


^ aJS 


-( «H. 


4H.31 


11.12 


14.5 


4.8 


0.2 


17.7 


637.0 


III 


,7 


59.75 


10.52 










less than 
900 deg.F. 



Pocahontas— Flat Top Mine— Coal was used in all tests. 
Contained considerable slate; clinkered badly. 
[St. Eng. Rep.,V. S. N., 1900. See same for full details.! 

* For U. S. S. Alert, 1899. ->5^ Eng. Bep., U. S. N. 
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From tests of boilers* where forced 
natural draft Avas used, these results ac- 
company very economic evaporation: 



Boiler pressure, by gauge, 

lbs. per sq. in 

Temp, escaping gases deg. F. 



63 
346 



355 



70 



71 
400 



Another avoidable furnace loss is too 
high temperature of the escaping gases; 
for example, in tests made on B. & W. 
boilers with Coxe Stokers, at Deringer, 
Pa., we have: 



Rate of Combustion, lbs 

Temp, of escaping gases, deg. F. 
Equiv. evap. per lb. of combus- 
tion, lbs 

Air pressure in ashpit, inch, water 



9.8 
449.5 

11.28 
0.60 



20.34 
900 

8.51 
1.00 



The loss in evaporation in the second 
test accompanies a very high temperature 
of 900 deg. F. 

A forced draft plant now in operation, 
without an economizer, delivers the escap- 

* Barras. 
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ing gases at such a high temperature, say 
1,000 deg. F*, that at times they heat the 
short steel chimney to a dull-red heat. 

In the Otto Colliery, Branchdale, Pa., 
cylinder boilers under forced draft de- 
liver the gases at about 1,600 deg. F., 
and vertical boilers, 711-732 deg. F., in 
both of which the evaporative efficiency 
is low. 

The highest evaporative efficiency of a 
gun-boat type of horizontal boiler was 
reached with the temperature of escaping 
gases at 616 deg. F., with a certain type 
of vertical boiler 500 deg. F., another 
421 deg. F. 

Forced draft used alone generally re- 
sults in higher temperature of the escap- 
ing gases than is usual with natural 
chimney draft; we here have another ob- 
jection to forced draft. 

The Purdue tests show that after a 
certain high rate of combustion has been , 
reached, as it increases the temperature 
of the escaping gases decreases — the same 
total quantity of coal being burned in a 
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given time on a grate of vaiying area, 
under the same boiler, but that point is 
reached only at a very large rate of com- 
bustion. 



Coal per hour per square foot 
of grate lbs. 

Temp, of escap. gases, .deg. F. 

Draft, Id inches of water 

Equivalent evaporation per lb. 
of combostion lbs. 



61.40 
647 
2.20 


83.50 
629 
2.50 


124.20 
610 
3.80 


8.26 


7.87 


7.59 



240.80 
500 
5.60 

6.67 



Noting for example that the tempera- 
ture of steam under 100 lbs. pressure by 
gauge is 338 deg. F., and 150 lbs., 366 
deg. F., we can readily see that the nearer 
the temperature of the escaping gases is 
to the temperature of the steam in the 
boiler the more economical the boiler is, 
the temperature of the flue gases should 
not exceed 400 deg. to 500 deg. F. for 
economy. 

The utilization of the heat of waste 
gases, or the waste heat in escaping gases, 
especially when forced draft is installed, 
is best accomplished in many cases by 
putting in an Economizer as an adjunct 
to the boiler plant. 
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It is to all intents and purposes a feed 
water heater, and is described by one 
manufacturer as follows: 

The Economizer consists of a series of 
sets of cast-iron tubes about 4 inches in 
diameter and 9 feet in length, made in 
sections (of various widths) and connect-^ 
ed by ''top" and "bottom headers, '^^ 
these again being coupled by 'Hop" and 
"bottom branch pipes" running length-^ 
wise, one at the top and the other at the 
bottom, on opposite sides and outside the 
brick chamber which encloses the appar- 
atus. The waste gases are led to the 
Economizer by the ordinary flue from the 
boilers to the chimney. 

The feed water is forced into the Econ- 
omizer by the boiler pump or injector, at 
the lower branch pipe nearest the point 
of exit of gases, and emerge from the 
Economizer at the upper branch pipe 
nearest the point where the gases enter. 

Each tube is provided with a geared 
scraper, which travels continuously up 
and down the tubes at a slow rate of 
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speed, the object being to keep the exter- 
nal surface clean and free from soot, a 
non-conductor of heat. 

The mechanism for working the scrap- 
ers is placed on the top of the Economiz- 
er, outside the chamber, and the motive 
power is supplied either by a belt from 
«ome convenient shaft or small indepen- 
dent engine or motor. The power re- 
quired for operating the gearing, how- 
ever, is very small. 

The apparatus is fitted with blow-off 
and safety valves, and a space is provided 
at the bottom of the chamber for the col- 
lection of the soot, which is removed by 
the scrapers. 

Economizers are not installed in Amer- 
ica so extensively as in Europe, for the 
European design of boiler costs less per 
H. P. than the American boiler and con- 
sequently Americans put in more boiler 
and less Economizer. 

In America, where boilers are compar- 
atively expensive, the Economizer is used 
to take the gases after they leave the 
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boiler,' and reduce them, by heating feed 
water to the lowest possible temperature. 

Economizers in no way alter the con- 
ditions in the boilers of plants of which 
they form a part, but they materially, in 
many — ^yes, in most of cases, add lo the 
efficiency of the steam plant. 

From four tests made by Mr. Barrus^ 
we have : 



Degrees of temp, of gases lost 
in Economizer 

Degrees of temp, of feed water 
raised in Economizer 

Degrees of temp, of gases leav 
ing Economizer 

Per cent, increase in evapora- 
tion due to Economizer. . 



145 

80 
231 

10.6 



107 



254 

7 



104 

58 



9.3 



156 



279 
12.a 



The evaporative efficiency of the boiler 
being increased from 7 to 12.8 per cent. 

In these tests the temperatures of the 
gases leaving the Economizer were from 
231° to 299" F. 

Had the gases not passed to an Economi- 
zer, the temperature of 500° F., or 961.2° 
absolute, would be compared with 231°" 
or 691.2° F. absolute or with 299° F. 
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or 760.2^ absolnte, in order to ascertain 
the intensity of chimney draft produced 
in either case, and as the intensity is a 
direct function of absolute temperatures, 
we can say in a general way that the loss 
of intensity of draft due to the loss of 
heat in the economizer is 30 per cent. ; 
therefore, to produce the same draft in 
an economizer plant, a chimney say 41 
per cent, higher than for an ordinary in- 
stallation without an economizer would 
he necessary. It is because of the gases 
reaching the chimney of a given plant at 
a t emperature below 300 deg. F. that 
forced combustion is employed to provide 
sufficient draft without using a chimney 
for the purpose. Unless the boilers and 
economizers are designed with special 
reference to forced combustion, the gases 
are likely to escape from the boiler setting 
at a much higher temperature than with 
natural draft, resulting in an inefficient 
boiler; at the same time the gases leaving 
an economizer in a forced draft plant are 
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frequentiiy not so very much lower than 
may be obtained with natural draft. 

Whatever saving there may be in a 
blower-economizer outfit over natural 
chimney draft should be credited to the 
economizer alone. 

With a chimney alone producing draft 
we have a heat loss of about 17.74 per 
cent. (50 excess air.) With a blower 
alone, a heat loss of 8 per cent, to which 
we should add the cost of operating the 
blower which is from 1 to 7 per cent, of 
the steam made in the boilers. 

Anthracite Pea Coal. Averages lbs. 

5 tests — Stationary Tapper grates — 

Natural draft 10.17 

4 tests — Shaking grates — Natural 

draft 10.45 

8 tests — Shaking grates — Natural 
draft and »Steam Blower (steam 
made used in blower) 10.39 

Anthracite Buckwheat Coal. 

1 test — Shaking grates — Natural 

draft 10.86 

2 tests — Shaking grates — Natural 

draft and Steam Blower (steam 

made used in blower) 9.96 

With a blower and economizer outfit 
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which gives the same flue temperature as 
in a chimney and economizer, we have a 
loss which is the cost of operating the 
blowers. 

Two Vertical ** Manning" Boilers, 
when operated under the conditions 
named, gave the preceding equivalent 
evaporation from and at 212 deg. per lb. 
of combustible, showing as far as they go 
the economy of shaking grates. 

All of the blower methods of draft 
production must be considered in con- 
nection with, and be planned with espe- 
cial regard to the quantity of fuel to be 
burned in a given time, and the amount 
of air needed for the complete combus- 
tion of the fuel, which air must necessa- 
rily pass through the blowers. 

18 to 25 lbs. of coal per square foot of 
grate per hour is all the coal that should 
or can be burned with economy under 
natural draft, a greater amount necessi- 
tates forced draft. 

Another thing which should not be 
lost sight of in connection with the burn- 
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iug of small coals, is that the linburnt 
coal falling through the grate which in 
the case of anthracite culm has reached 
58 per cent., (found iu the ashes). 

Fan, Stoker and Economizer Engines 
in a 24-hour test used 800 lbs. of coal to 
burn 19,612 lbs. of coal or 4.01 percent. 
Sturtevant Fan, American Stoker and 
Green Economizer. — Eng. Rec. Vol. 42, 
p. 348. 

The effect of the temperature of the 
gases on the power required to operate a 
fan, is shown clearly by the following: 

Effect of Temperature of Gases on Fan 
Load. 



Induced Draft. 



Draft In inches of water 

Temperatare of gases at fan, deg. F. 
Speed of fan, revolutions per minute. 
Current req. by fan motor, amperes. 
Current generated by plant, amperes. 
Proportion used by fan, per cent. , . . 
Boiler H. P. developed 



0.42 
199.6 
164 
10.3 
896 

1.15 
521.7 



0.46 
162.6 
179 
18.8 
1286 

1.17 
600.6 



0.24 
880 
{80 
20.4 
960 

2.0B 
4.^.2 



The blower used was an American 
Blower Co.'s centrifugal fan with 28 x 84 
inch wheel. 



d by Google 



46 



9 



SBSSSSiissssss 



£gSSsS«2S8SftftSe8 






SS3S88l!iftSS88$S8 






8§Sgg8§g§sS§g§ 



^^.d888.8|SS^;i:5>«.o. 

§§§§§§i§i§§g|§ 



iiiiis^ggsssis 



8lgi§llliggl§8li 



838$8S8S)»^?S««9o«i»b 

'§i§§§§g§i§§§§§ 



S^88I^Soi»^4D*9aiifrMM(e 



l§|gig§SI3l§ll 



iiii§§g^^eg§iig 



Site Of Fan. 



Diam. Wbeel 
inches. 



Width at Per- 
iphery. 



Diam. of Inlet. 



Size of Outlet. 
Inches square. 



Speed R. P. M. for 
1-lnch Draft. 



Capacity of Fan in 
cubic feet per 
minute. Temp. 
Gases 660 deg.F, 



H. P. Boiler Ca- 
pacity from Fan 
Capacity. 



Pounds Coal per 
hour at 6 pounds 
per H. P. hour. 



Evaporation per 
hour at 84 6 
pounds Water 
perH.P. • - 



Brake H. P. to 
drive Fan at 
Speed. 



Capacity of Fan 
per inch Width 
at Periphery. 



W. R per inch 
Width at Peri- 
phery. 



l§§§§§§§gSi§§i 



I Cubic feet Air per 
minute for Com- 
bustion, Temp. 
62 deg.F. 



Q^l 
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The third, test, gases 130 deg. hotter 
than first, require about 100 per cent, 
more power, and yet the boiler evapora- 
tion is about 20 per cent, less than in the 
first test. — Curtis Pub. Co., by Davis & 
Griggs. 

The cost of the above Mechanical 
Draft outfit (2 fans), including motors, 
was $5; 53 per boiler H. P. 

The data concerning Induced Draft 
Fans in the accompanying table is taken 
from the 1901 catalogue of the American 
Blower Co. 

One of the recent installations of In- 
duced Draft apparatus is that of the 
Curtis Publishing Co., Philadelphia, Pa., 
which contains 3 (250 H. P.) B. & W. 
Boilers for 160 lbs. pressure. 

An old chimney 30 x 40 inches by 90 
feet high. 

The Induced Draft plant was installed 
in duplicate, i. e. one plant in reserve, 
by American Blower Co. 

Fan, 120 inches, water cooled bearings, 
8 H. P. Electric Motor. 
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Temperature of ^capin^ gases 540 
deg. F. from boiler. 

Temperature of escaping gases 260 
deg. F. from economizer. 

The fan requires 1.4 of\ the power 
used by the plant. — {Eng, Rec. VoL:43^ 
p. 172.) 

The economizer consists of two brick 
chambers, each containing 24-6 tube sec- 
tions of 4:^ inch pipe, each pipe 7i feet 
long; cost, including masonry, was $5.73 
per boiler H. P. 

Results from Tests. 



Temp.of gases leaving boilers 
'» " " " economizer 
" *' water entering " 
" '^ " " boilers.. 

Saying due to economizer . per ct 



4 
deg. P. 


2 

deg. P. 


3 
deg. P. 


411 . 
199.6 
116.9 
212.6 
9.92 


422 

162.5 
88.2 

192.9 
16.01 


474 
Bc'n.ofl. 

88.3 



Pavis & Griggs.] 

EcoNOMizEB Tests. 

Tests made at the 74th Street station 
of the Manhattan Elevated Kailway, New 
York City, resulted in these facts: 
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The unit of absorption : 
per square foot per hour per degree dif- 
ference in temperature. 

Loss of draft in economizer 

H = pounds of gases per square foot of 

draft area per hour. 
n = number of sections in length of 

economizer. 

During this test these averages were 
obtained as follows : 

Water entering economizer. . . . 93.5° F. 

Water leaving economizer 203. 8° 

Temperature gases at chimney . 399° 

Draft entering economizer 0.64" 

Draft leaving economizer 0. 87" 

Draft in chimney at base 1.16" 

Chimney feet high. 

The Sturtevant Co. in ''Mechanical 
Draft ^' give the following rule for ca- 
pacity area of a blast fan: 



d by Google 



60 

The .square inches of blast, or capacity 
area of a cased fan, is approximately : 

Capacity area = -y" 

D = diameter of fan wheel in inches. 
W = width of fan wheel at circumference 

in inches. 
X = constant dependent on type of fan 

and casing. 
In general practice X = 3. 

The area of the casing outlet is always 
larger than the above figures give for 
capacity area. 

The volume of air passing through the 
fan is calculated from the capacity area. 

The power required to operate a fan 
varies with the air pressure, volume, tem- 
perature, and its efficiency in generation 
depends upon whether a belt-driven fan 
is used, or the power is furnished by di- 
rect connected motor or steam or other 
type of engine. 
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Blowebs. 

Sturtevant No. 2 monogram blower, 
no piping, 1800 revolutions per minute, 
0.8 H. P. (D). 

Sturtevant No. 9 foundry blower, sup- 
plying iron-melting cupola, 25 H. P. 
(W. 26). 

No. 6 Sturtevant*— Pan wheel 23 in. 
diam. x 6| at periphery. Diameter of 
inlet on each side is 12 J in. : 8 blades, 
area 45.59 sq. in. each. At a speed of 
1468 rev. per min., blast 3 oz. to sq. in. 
took 3.55 H. P. with area of discharge 
of 44 sq. in. giving 2750 cu. ft. of air 
per min. At a speed of 1519 rev. per 
min. blast pressure, 3.5 oz. per sq. in. — 
0.8 H. P. with opening closed and no 
air delivered. 

Mr. Snell ran air through a tubular 
heater placed about 30 feet from the 
blower; at 1100 revolutions per minute of 
blower, air was discharged at 161 deg. P., 

• Toprcal Discussion, 222-226. Tram. A, S. M. E.^ 
Vol. 7. Mr. H. I. Suell. 
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water would have been 190 deg. F. ; at 
2100 revolutions the air was a little 
higher temperature. — Trans. A. 8. M, 
E,, Vol. 20, p. 89. 

Steam to operate steam jet — 7.4 of 
boiler evaporation. 

Steam to operate steam jet — 8.78 of 
of boiler evaporation. 

Fan — 4 per cent, of boiler evaporation 
used to drive the fan. 

Fan— 18 H. P. to. supply 1800 to 1950 
boiler H. P. 

Fan— 3.21 H. P. to supply 401.5 boiler 
H. P. (Whitham). 

Fan— 5.6 H. P. to supply 520 boiler 
H. P. (Wagner). 

Admitted relative efficiency of fan to 
jet 8 to 1. 
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Buffalo St^el Pressure Blowers. 
Table of Dimensions. 
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Dimensions in inches. 
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Table of Speeds and Capacities in 
Cubio Feet per Minute. 

(iVnge.) 



MiiBber 
of 


4 OS. PRBSSUR8 


S OV. PRBSSUKtt 


Bl9«er 


Forges 


R,P.M. 


Cap. 


R. P. M. 


Cv. 


2 
S 
4 

5 
6 

I 

9 
10 
11 


1 

6 
7 
8 

U 

22 

82 
40 

IS 


4S66 
3903 
3363 

29S2 

1861 
1384 

937 
937 


289 
S42 
573 
651 
839 
1002 

3845 

4741 
6002 


5596 
4473 

^ 

2883 
2549 
2316 
2074 
1550 
1293 
1050 
1030 


826 
607 
642 
730 
940 
1123 
1681 
2398 

4734 
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Table of Speeds and Capacities for 
Cupola Service. 
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Pressure 
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Cubic Ft of 


of 
Blower 


Dlwnetcr 
9f Cupolft 


In 
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M^t. 


?^7^. 


AirRegulr'd 
per Minute 


4 


20 


8 
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t 


5 


25 


8 


4209 


2821 


6 


90 


8 
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7. 


35 


8 
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1486 


91 


40 


8 


2948 




2199 


9 


45 


10 
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10 
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11 


65 
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Cupola Practice Tests. 

Root's Blower, Acme No. M. 
Iron melted, 23 tons, 10 cwt. 5 tons melted per hoar. 





Motor 
and 
Shaft 
light. 


Blowing Cnpola 






Minim 








Revolutions 




360 
246 

104 
32.7 

28.2 
4.5 


350 


Volts 


245 
14 
4.6 


233 


Amperes . . 


66 
21.7 


E. H. P. Total 

'* Average 


Time, hours 













Root's Blowor. Acme No. K. 
Iron melted, 12 tons. 7 tons melted per hoar. 



Motor 

and 

Shaft 

light 



Blowing Cupol 



Maxim. Minim. 



Revolutions 

Volts 

Amperes 

E. H. P. Total.... 

*' Average . 

Time, hours 



232 
9.5 
2.96 



430 

237 
57.0 
17.1 
15.94 
3.00 



394 

225 
50.0 
15.3 



The first cupola has a capacity of 7 
tons per tour. 
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The American Blower Co. also gives 
this table of data concerning fans for 
forced draft, which only goes as far as 
fans with wheel 33 inches in diameter. 

Blowers for Forced Drafb< 

forced Dtraft Capftclty Tablft jTor Blowen. 

Temperature air, 92 degrees F. ;' 18 lbs. air perl 1^. ooal; Sift tia. 
water per H. P.; Barometer. 20.92; 284 oubterfL per 1 lb. coal: 
Evaporation. 8.9 lbs. Water per I tt>. ooal; Pressure. IM 
ounces; 5 lbs. ooal per H. P. hour. 
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' (American Bloirer Oo.) 



A Niclausse* (Marine Type) water tube 
boiler was under test on land, and it was 
desired to maintain a rate of combustion 
of 30 lbs. of coal per square foot of grate 

*St.Eng.Bep.-TJ.^.'N. 1899. 
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per hour. ''It was difficult to regulate 
the blower so as to obtain the desired uni- 
form rate of combustion/^ " The weather 
cleared and a fresh breeze sprang up, in- 
creasing in strength so that the blower, 
started at 500 revolutions, had to be 
gradually slowed to 330/^ 

The maximum rate of combustion un- 
der this boiler with forced draft was 
46.76 lbs. of coal per square foot of grate 
per hour, which may be considered the 
maximum for "naval vessels other than 
torpedo boats and destroyers/^ 

One authority has carefully analyzed a 
representative boiler test, and gives the 
following losses: coal capable of evapo- 
rating 13.97 lbs. of water per lb., actually 
evaporated 9.68 lbs. : 

Losses — Chimney . . 12.59 per cent. 



Ashpit, . . 2.68 
Not specified . 15.43 

Total . . 30.80 



(( 
(( 
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The products of combustion are given 
by Williams as: 

1. Steam — ^highly rarefied, invisible, 
and incombustible. 

2 . Carbonic acid — invisible and incom- 
bustible. 

3. Carbonic oxide — invisible, but com- 
bustible. 

4. Smoke — visible, partly incombusti- 
ble, partly combustible. Hydrogen is in- 
visible. 

Carbon returns to black state and be- 
comes visible. Much can be learned re- 
garding the completeness of the combus- 
tion of fuel by the analysis of the escaping 



A large boiler with a good fire gave 
gases with : 

16.5 per cent, of CO, 

3.3 '« '' 

0.9 " '' CO 

71.3 '' '^ N 

92.0 
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See Table X, pp. 158, 159, Trans. 
N. H. a M. A, No. 58. 

Smoke prevention is in reality complete 
■combustion, and forced combustion aids 
or rather prevents smoke only in so far 
BS> it regulates the quantity of air fed to 
the fire. 

One authority in Mechanics* some 
years ago gave these notes on smoke pre- 
vention! 

'* The question of smoke prevention 
has agitated the minds of engineers for 
many years, although pretty well solved 
by Mr. C. Wye Williams more than 20 
years ago. Many of the so-called inven- 
tions of the present day are eitheif mere 
copies of his or reinventions of what was 
known to him and used in his experi- 
ments. The principle of burning the 
gases of coal is best illustrated in the 
Argand and Siemen's burners for lamps, 
and depends wholly on a thorough and 
intimate mixture of air with the gas 

* Pablished in Philadelphia, Pa. 
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at a high enough temperature to insure 
combustion — i. e., the air must be mixed 
with the gas before the latter has been 
cooled down by contact with cold sur- 
faces. Then by having openings for air 
through the doors, and by firing alter- 
nately and reversing the draft, the gas 
from the fresh coal is passed over the in- 
candescent coal on the other side, and so 
burned before it reaches the combustion 
chamber or tubes, in which case the com- 
bustion chamber may be smaller than 
otherwise. 

" Another way is to have the fire 
chambers side by side, and supply the air 
at the bridge as the gases pass to the 
combustion chamber; then by firing al- 
ternately there is always a stream of hot 
gas coming in contact with the fresh gas 
from the fire chamber last fired, which in- 
sures a perfect combustion. In this case we 
have nearly the same conditions as in an 
Argand burner, burning ordinary illum- 
inating gas. The fire chamber being the 
gas producer and the combustion cham- 
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ber the burner, the combustion, com- 
menced in the former, is completed in 
the latter, and the tubes absorb the heat, 
so that the carbonic acid passes away at 
a comparatively reduced temperature/' 

The effect of varying quantities of air 
can be readily seen by carefully studying 
notes of actual tests. 

Bob. Kane, M.D., M.K.I. A., and 
E. H. Brett, Ph.D., F.L.S., conducted 
some elaborate tests on Williams^s patent 
furnace, when they found that with or- 
dinary charging of coal and usual air 
admitted much dense smoke passed 
through the flues at a temperature of 650 
deg. F., admitting the proper quantity 
of air, finely divided — no smoke visible — 
temperature 1211 deg. F. ; then shutting 
off one-half the air-inlets, giving one-half 
the amount of air as in the preceding 
test, lurid flame passed through the flues 
at 985 deg. F., and a light gray smoke 
issued from the chimney* 



d by Google 



•63 

The following table by E. B. Coxe is 
abstracted from a quite extensive one 
published in the N. E. C. Manf. Assn, 
Trans. No. 58: 

Tabic. 
13 3 



Gas analysis com- 


Number of times 


Per cent, of heat 


bustible in f nel 


the theoretical 


lost when 


burned 


air supplied 


T-t=500 d^. P. 
Per cent. H. 


100 per cent, carbon. 


n. 


COa = 21 ) 
N =79? 


1.00 


10.1535 


CO, = 14) 






= 7V 


1.50 


14.8241 


N =79) 






CO, = 10 ) 






=llt 


2.10 


20.4288 


N =79) 






CO, = 7 






=14t 


8.00 


28.8369 


N =79) 






CO, = 8) 






=18V 


7.00 


66.2008 " 


N =79 







Formula: n = 



79^ 



31 
79N-O11. 



Per cent. H ^f(ll-5xn)+l]X 238x(T-t) 
14doO 
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Table. 
Abstracted from same authority as the 
preceding table gives the number of 
times the theoretical quantity of air sup- 
plied, with various gas analyses: 
1 2 3 





N=79 


N=80 




CO-+-CO, 


COa + CO 


CO,-hCO 






+0=21 


+0=20 




21 


1.00 






19 


1.10 


1.05 


Original 
tab ,e con- 


17 


1.23 5 


1.16 


15 


1.40 


1.81 


tains 5 col- 


14 
12 


1.50 
1.75 


1.39 
1.60 


umns, and 
Column 1 


10 

8 
7 


2.10 
2.62 
3.00 
4.20 


1.89 
2.29 
2.57 
3.89 


has every 
number 
from 21 to 1 


8 


7.00 


5.00 






21.00 


9.43 





Formula for values of columns 2 and 3 is 
21 



n = ^^ 



N 



21 
75" 



N-On i_ 



79 On 



These conditions can only exist when hydro- 
gen is present in the fuel burnt, and has been 
convOTted into water. 
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Gas Analyses. 
With a McClave grate and a steam jet 
blower the analysis was 

CO, —8.20 per cent. 
CO— 13.15 '' " 
H —11.08 '' " 
CH,— 2.00 '' '' 
—0.30 '' '' 

With fan blower and stoker, 
CO,— 16. 80 per cent. 
— 1.70 '' '' 
CO — .40 '' '* 

Mr. Magnus Troilius**in a paper on 
*'The Analysis** of furnace gases gives 
for gas from producers : 



CO, 


7.50 


8.00 


CO 


16.00 


15.50 


H 


15.30 


14.90 


CH. 


1.90 


t * • • 



Which is very similar to the first above, 
showing by the large amount of (CO) 
carbonic oxide and (H) hydrogen that 
there is a decided loss of heat, 

* A. I. M. E., 1883. 
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Blowers can be regulated; one would 
think that " damper regulators^* had 
never been heard of in connection with 
chimneys; in fact, many plants are not 
now equipped with them. 

The effect of the quantity of surplus 
air on the temperature of combustion in 
the furnace is for theoretical quantity of 
air 4940° F. above 32° F. 

SO^additional air 3332° " " '' '' 
100^ additional air 2505° " " *' '' 

When the gases are under pressure, as 
in stokeholds of vessels, the temperature 
of combustion is at ordinary atmospheric 
pressure 2760° F. above 32° F. 

atpres. of2atmos. 3475° " " '' '' 
<t <« ' u 3 ft 3968° *' /' «« " 

The first cost of steel chimneys for 
small horse-power is less than that of 
brick chimneys or forced combustion 
outfits. 

For very large powers it costs less to 
install the blower systems, but though 
we have no operating expenses for chim- 
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neys w^havfi the cosjb of the power used 
to operate the blower and economizer 
engine, if the latter is used. 

We are told that compared with the 
cost of a good brick chimney 

A forced draft plant costs 25 per cent, 
of the brick chimney; 

A single induced draft plant costs 40 
per cent, of the brick chimney ; 

A double induced draft plant costs 50 
per cent, of the brick chimney : 
but that depends entirely upon the 
design of the chimney. 

The life of a forced draft fan having 
constant use is said to be about fifteen 
years, while a well cared for steel chim- 
ney lasts from 20 to 25 years, if it is 
kept properly painted outside — the inside 
being protected with soot; a brick chim- 
ney lasts a hundred years. 

The relative areas of grate surface to 
boiler heating surface, when forced com- 
bustion is used, should be decided by a 
careful consideration of the kind, quality, 
and quantity of the fuel to be burned. 
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" It has been claimed by the advocates 
of forced draft that more power is re- 
quired to drive the fans* owing to .their 
having to deal with heated gases; this 
we think wef can prove erroneous." 

Experience has shown that in a prop- 
erly designed installation it is not nec- 
essary to maintain an average vacuum 
of more than 2 J inches water gauge at 
the fan inlet, the temperature of the 
gases to be dealt with being about 450 
degrees F. 

On the other hand, it is generally 
acknowledged that about three inches 
water gauge at the fan discharge is nec- 
essary to get the best results with forced 
draft, and as the air is taken from the 
engine room its temperature may be 
taken at 80 degrees F. 

* More for induced draft fans. 

t Ellis and Eaves (Patent) System of Indnced Draught. 
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If the aapply x>f air to the furnace be"* 
12 lbs. per lb. fuel, then volume, 

12 lbs. at 32^ per lb. of fuel is 150 cu.ft. 
18 lbs. do. do. do. 225 '' 
24 lbs. do. do. do. 300 '' 

^he volume at any other tempera- 
ture T is 



V = volume at 32** X 



T +461.2° 



^r„ 



493.2° 
The following are some of the results : 



Beg. F. 
Tempera- 


Supply of air in lbs. per lb. of fuel. 
12 1 18 1 24 


ture 


Vol. of gases per lb. of fuel in cu. ft. 


4640 


1551 






3275 


1136 


1704 




2500 


906 


1359 


1812 


1832 


697 


1046 


1395 


1472 


588 


882 


1176 


1112 


479 


718 


957 


752 


869 


553 


788 


572 


814 


471 


628 


892 


259 


889 


519 


212 


205 


807 


409 


104 


172 


258 


844 


68 


161 


241 


822 


82 


150 


225 


800 



* Ranklne, Steam Engine, p. 286. 
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W = coal burned in a given furnace per 
second. 

V„= Volume at 32° F, of the ftir sup- 
plied per lb. of fuel. 

r, = Absolute temperature of the gas dis- 
charged by the chimney. 

r„ = Absolute temperature of the air at 
32° = 493.2° F. 

r = Absolute temperature at tempera- 
ture T. 

A = sectional area of the chimney ; then 
the velocity of the current in the 
chimney in feet per second is 

Ar,, ' 
Density, lbs. per cubic foot = D 

= I.|o.o8or4j 
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Fig. 4. 
Steam Blower, 



Eynon-Evans C^ 
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Steam jets or steam blowers are means 
'1}y which draft is assisted or created, but 
neither, as a rule, are employed without 
a chimney; while they are cheap in first 
cost and installation they are expensive 
to keep in repair and to operate. 

Steam blowers under grates are fre- 
quently used in connection with mechan- 
ical stokers, also under boilers whose 
chimneys do not furnish the desired draft, 
and which boilers have become of insuf- 
ficient capacity by the natural growth of 
a plant. 

Steam jets are used in chimney flues 
for like reasons. 

Two horizontal return tubular boilers 
tested by the writer : 

A — boiler using steam blowers under 
the grates in connection with chimney 
draft, 

B — chimney draft alone, resulted as 
follows : 
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B 



Boiler rated Horse Power 90 130 

Boiler Horse Power Developed. 122.55 121.91 
Equiv. Evap. from and at 2120 

per lb. of combustible 10 . 76 10 . 78 

(No. 2 anthracite pea coal used in both tests.) 

One disadvantage in the use of steam 
jets or blowers is that just so much more 
water has to be heated in the chimney 
and carried up out of it; another and 
more serious objection is the large amount 
of carbonic oxide, hydrogen and marsh 
gas formed. 

In one plant the writer found frequent 
explosions on the opening of the boiler 
furnace door, and the burning of the 
fireman's arms from explosions of marsh 
gas in the boiler; the explosions were 
seen to extend up into the main flue to 
the chimney. 

Again, the steam required to run or 
operate the steam jets or blowers is large 
in proportion to the quantity of steam 
made under the boilers, having been 
given {Trans. A. S. M. E. Vol. XX) as 
from 7.4 to 8.78 per cent., and the rela- 
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tive efficiency of centrifugal fan blower 
to steam jet is as 8 to 1. 

The capacities of the Steam-jet Blow- 
ers and Exhausters made by L. Schutte 
& Co., of Philadelphia, Pa., are: 



Size 


Quantity of air 

per hour in 

cubic feet 


Diana, of pipe, inches 


No. 


Steam 


Air 


000 

00 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


1,000 

2,000 

4,000 

6,000 

12,000 

18,000 

24,000 

80,000 

86,000 

42.000 

48,000 

54,000 

60,000 


2 

f 

8 


1 

? 

5 
6 
6 

7 
7 
8 



A greater rate of combustion can be 
obtained with the centrifugal blower than 
with a steam jet, and steam in the ashpit 
reduces the tendency of the coal on the 
grate to clinker and form an obstruction 
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Consiunption of Steam Blasts Compared.* 



OoaL 


^fiSSr** 


Fer cent, of 

»1r openings 

logrs^ 


Pounds of 

dry coal 

burned an 

hour per sq. 

ft. of grate. 


Per cent, of 
total steam 

the boUers 

quired to 
operate the 
steam blasta 


Rioe. 
BuelcsrheSt. 

ft 
*• 


Young. 

Wilkinson. 
4.- Young. 

MoClav^ . 

WUklnion. 
•• 


f 

11 
7 
7 


25.8 
17.0 
27.0 
27.8 
16.7 
81.4 
10.4 

se.i 

82.6 
45.4 


10.8 
10.8 
4.6 
8.0 
6.7 
0.8 

.1:1 



rrrans. A. S. M. B., VoL XVU,—WhUham. 




•^r cent, of steam made required to operate jet or blower 
(U. S. Bureau of St. Eng.. 1800.) 

to the free passage of the air necessary to 
combustion. 

It is the opinion of the writer that 
wherever it is at all practicable to do so, 
a chimney, or, what is much to be pre- 
ferred, chimneys in multiple should be 
used; one of the largest contracting 
engineering firms who formerly were 
strong advocates of forced draft are now 
recommending chimney draft first for all 
plants with which they have to do. 
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It would seem that for the great ma- 
jority of power steam plants, better re- 
turns (financially) would result from 
natural draft produced by means of, not 
any chimney, but by means of a chimney 
or chimneys designed especially for each 
plant. 
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Shrinkage and Pressure Joints. With tables and 

diagrams. 8vo, cloth. Illustrated net 2 50 

Marine Engine Desig^n (In Press.) 

CHAMBER'S MATHBMATICAL TABLES, con- 
sisting of logarithms of Numbers 1 to 108,000, Trigo- 
nometrical, Nautical, and other tables. New edition. 
8vo, cloth 175 

GHAUVENET (Prof. W.). New Method of Correct- 
ing Lunar Distances, and Improved Method of 
Finding the Error and Rate of a Chronometer, by 
Equal Altitudes. 8vo, doth 2 00 

GHBISTIB (W. "WALLACE). Chimney Design and 
Theory. A Book for Engineers and Architects, with 
numerous half-tone illustrations and plates of famous 
chimneys. 12mo, cloth 3 00 

CHUBCH (JOHN A.). Notes of a Metallurgical 
Journey in Europe. 8vo, cloth 2 00 

CLARK D. (KINNEAB, C. E.). A Manual of Rules, f 
Tables and Data for Mechanical Engineers. Based 
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on the most recent investigatlonfl. nlustntted with 
numerous diagram!. 1«012 pages. Sro, cloth. Sixth 

edition 5 00 

Half morocco 7 60 

CLARK D. (KINNEAB, C. £.)• BHiel : its Combust- 
ion and Economy, consisting of abridgements of 
Treatise on the Combustion of Coal. By C. W. 
Williams; and the Economy of Fuel, by T. 8. 
Frideauz. With extensive additions in recent prac- 
tice in the Combustion and Economy of Fuel, Coal, 
Coke, Wood, Peat, Petroleum, etc. Fourth edition. 
12mo, cloth. 1 50 

-^— The Mechanical Bneineer^s Pocket-book of Tables. 
Formulae, Rules and Data. A Handy Book <^ 
Reference for Daily Use in Engineering Practice. 
lOmo, morocco. Second edition 8 00 

^—Tramways, their Construction and Working, em- 
bracing a comprehensive history of the systibm, 
with accounts of the various modes of traction, a 
description of the varieties of rolling stock, and 
ample details of Cost and Workinfl" Expenses. 
Second edition. Re-written and greany enlarged, 
with upwards of 400 illustrations. Thick 8vo. cloth. 00 

■■ The Steam Engine. A Treatise on Steam Engines 
and boilers ; comprising the Principles and Practice 
of the Combustion of Fuel, the Economical Qenera* 
tion of Steam, the Construction of Steam Boilers, and 
the Principle?, Construction and Performance of 
Steam Engines, Stationary, Portable, Locomotive 
and Mariue, exemplified in Engines and Boilers of 
recent date. 1,800 figures in the text, and a series 
of folding plates drawn to scale. 2 vols. 8vo, cloth. 16 00 

OliARK (JACOB M.). A new System of Laying Out 
Railway Turn-outs instantly, by inspection from 
Tables. 12mo, leatherette 100 

CI^USEN-THU f (W.). The A. B. C. Universal Com- 
mercial Electric Telegraphic Code ; especially 
adapted for the use of Financiers, Merchants, Ship- 
owners, Brokers, Agent, etc. Fourth edition. 8vo, 

cloth 6 00 

Fifth edition of same 7 00 

■ The Al Universal Commercial Electric Telegraphic , 
Code. Over 1,240 pp., and nearly 90,000 vamtions. 
8vo,cloth 750 
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CrLEBMAMN (THOS. M.). The Bailroad Engineer's 
Practice. Being a Short but Complefo Description 
of the Duties of the Toung Engineer in the Prelimi- 
nary and Location Surreys and in Construction. 
Fourth edition. Revised and enlarged. Illustrated. 
19uio,cloth 1 Se 

CI^ETBNOKB (8. B.). A Treatise on the Method of 
Government Surveying as piresoribed by the U. S. 
Congress and Conmiissioner of the General Land 
Office, with complete Mathematical, Astronomical 
and Practical Instructions for the use of the United 
States Surveyors in the field. 16mo, morocco 3 50 

COFFIN (Prof. J. H. C.)* Navigation and Nautical 
Astronomy. Prepared for the use of the U. S. Naval 
Academy. New Edition. Revised l^ Conmiander 
Charles Belknap. 58 woodcut illustrations. 12mo, 
cloth net. 8 50 

COIiE (B. S*, M. A.). A Treatise on Photographic 
Optics. Being an account of the Principles of 
Optics, so far as they apply to Photography. 12mo, 
doth, 108 illustrations and folding pUtes 2 60 

OOIXINS (J AS. F.). The private Book of Useful 
Alloys, and Memoranda for Goldsmiths, Jewelers, 
etc. 18mo, doth 50 

COBNWAIX (Prof. H. B.). Manual of Blow-pipe 
Analysis, Qualitative and Quantitative. With a 
Complete System of Determinative Mineralogy. 8vo, 
doth. WitA many illustrations 2 60 

CBAI6(B. F.). Weights and Measures. AnAccoimt 
of the Decimal System, with Tables of Conversion 
for Commercial and Scientific Uses. Square a2mo, 
limpdoth 60 

CBOCKJBB (F. B.). Electric Lighting. A Practical 
Exposition of the Art, for use of Engineers, Students, 
and others interested in the Installation or Operation 
of Electrical Plants. Sixth edition, revised. 8vo, 

cloth. Vol. I. The (^nerating Plant 3 00 

Vol. U. Distributing Systems and Lamps. Fourth 
edition 8 00 
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CBOCKBB, (F. B.)» »nd S. S. WHBBXEB. The 
Practical Manasement of Dynamos and Motors. 
Fourth ediUonfltwelfth thousand). Berised and 
enlarged. With a special chapter oj H. A. Foster. 
12mo,cloth. Illustrated 100 

01JMlIING(I^INNiEU8,]E.A.). Electrioitir treated 
ExperimentallT. For the use ox Sdiools and Students 
Neweditlon. 12mo, cloth 150 

DA VI£8 (B. H.). Machinerr for Metalliferous Mines. 
A Practical Treatise for Mming Engineers, Metallur- 
irists aDd Managers of Mines. With upwards of 400 
ulustratioDs. BecoDd edition, rewritten and en- 
larged. Svo, cloth net 8 00 

DAT (CH ARI«BS). The Indicator and its Diagrams. 
With Chapters on Engine and Boiler Testing; 
Including a Table of Piston Constants compiled 67 
; W. H. Fowler. 12mo, doth. 125 illustrations. 2 00 

DBBB (W. L,,). Block Signal Operation. A Practical 
Manual. Oblong, doth 160 

DIXON (D. B.). The Machinist's and Steam Engineer's 
Practical Calculator. A Compilation of Useful Rules 
And Problems arithmetically solved, together with 
<3eoeral Information applicable to Shop-Tools, Mill- 
^toaring. Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing Taluable Tables and Instruc- 
tion in Screw-cutting, Valye and Link Motion, etc. 
16mo, full morocco, pocket form 1 86 

BODD (GEO.). Dictionary of Manufactures, Mining, 
Madiinery, and the Industrial Arts. iamo,duth ... 1 8Q 

DOBB (B. F.). The Surveyor's Guide and Pocket 
Table Book. 18mo, morocco flaps. Fifth edition, 
revised, with a second appendix 9 00 

DBAPEB (C. H.), An Elementary Tt^xt Book of 
Light. Heat and Sound, with Numerous Examples. 
Fourth edition. Ubno. cloth. Illustrated 1 00 

Heat and the Prindples of Thermo-Dypamlcs. 
With many iUnstrations and numerical ecampl«9a. 
12mo.c;oth 1 60 
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DUBOIS (A. J.). The New Method of Oraphio 
Statics, lll^ith flO fflustrations. 8vo, cloth 100 

KDBT (ProC H. T.). Besearchee in Qraphical 
Statios. Embradng New Constructions in Graphi- 
cal Statics, a New General Method in Graphical 
Statics, and the Theory of Internal Stress in Graphi- 
cal Statics. 8TO,cloth ISO 

-^— MaTJmnm Stresses under Concentrated Loads. 
Treated graphically. Illustrated. 6to, cloth ISO 

BISSUSB (M.). The MetaUurgv of Gold ; a Practical 
Treatise on the MetaUurgi<»I Treatment of Gold- 
Bearing Ores, including the Processes of Concentra' 
tion and Chlorination. and the Assaying, Meltins 
and Refining of Gold. Fiftli Edition, revlRed and 
greatly enlarged. 187 illustrations. Itoio, cloth. ... 7 60 

T he Metallurgy of Silver ; a Practical Treatise on 
the Amalgamation, Boasting and Lixivation of Siivei 
Ores, including the AjBsa> ing. Melting and Refining 
of Silver Bullion. 124 illustrations. Second edition, 

enlarged, 12mo, cloth 40t 

The Metallurgy of Argentiferous Lead : a Practi- 
cal Treatise on tne Smelting of Silver Lead Ores and 
the Refining of Lead Bullion. Including Reports 
on Various Smelting Establishments and Descrip- 
tions of Modem Smelting Furnaces and Plants In 
Europe and America. With 188 illustrations. 8vo, 
cloth 500 

— Cyanide Process for the Extraction of Gold and 
its Practical Application on the Witwatersrand Gold 
Fields in South Africa. Third edition, revised and 
enlarged. 8vo, cloth. Illustrations and folding plates 3 00 

A Hand-book on Modem Explosives, being a 
Practical Treatise on the Manufacture and use of 
I)ynamite, Gun Cotton, Nitro-Glycerine and other 
Ixplosive Compounds, including the manufacture 
of Collodion-Cotton, with chapters on explosi^ es in 
practical application . Secon d edition , enlarged with 
160 illustrations. 12mo, cloth < 6 00 

KIiIOT (C. W,), and STOREB (F. H.). A compen- 
dious Manual of Qualitative Chemical Analysis. 
Revised with the co-operation of the authors, by 
Prof. William R. Nichols. Illustrated. Twentieth 
edition, newly revised by Prof. W. B. Lindsay. 12mo, 
cloth net 1 25 
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lEIXIOT (Mjd. OBO. H.)* European Uclit-Hotue 
Systems. Beins a Report of a Tour of Cospeotion 
made in 1878. 61 engravings and 21 woodcuts. Sro, 



Systems. Being a Report of a tour of Cospeotion 
made in 1878. 61 engravings and 21 woodcuts. Sro, 
doth 600 

mxiSON. (USWIS M .). Practical Application of 
the Indicator. With reference to the adjustment of 
Valve Qear on all styles of Engines. Second edition, 
revised. 8vo. cloth, 100 illustrations 2 0| 

ETBBETT (J. D.). Elementaiy Text-book of 
Physics. Illustrated. Seventh edition. 12mo,clotk^ « 00 

EWING (Prof. A. J.). The Magnetic Induction in 
Iron and other metals. 159 illustrations. 8vo, cloth 4 00 

FANNING (J. T.). A Practical Treatise on Hydran- 
lie and Water-Supply Engineering. RelatiDg to the 
Hydrology, Hydro-dynamics, and Practical Con- 
struction of Water- Works in North America. 180 
Ulustrations. 8vo, cloth. Fifteenth edition, revis- 
ed, enlarged, and new tables and illustrations 
added. 060 pages 5 00 

FISH (J. C. I<.>. Lettering of Working Drawings. 
Thirteen plates, with descriptive text. Oblong, 
9xl2H, boards 100 

FISKF (liient. BBADLET A., U. S. N.). Electric- 
ity in Theory and Practices or. The Elements of 
Electrical Engineering. Eighth edition. 8vo, cloth 2 50 

FISHFB (H. K. C. and DABBV, W. C). Students' 
Guide to Submarine Cable Testing. 8vo, doth 2 60 

FISH£B (W. C). The Potentiometer and its Ad- 
juncts. 8vo,cloth 2 26 

FIiEISCHMANN (W.). The Book of the Daiiy. A 
Manual of the Science and Practice of Dairy Work. 
Translated from the German, by C. M. A1kTTin.Ti and 
R. Patrick Wright. 8vo,doth 4 00 

FLEMING (Prof. J. A.). The Alternate Current 
Transformer in Theory and Practice. Vol. l—Tho 
Induction of Electric (currents; 611 pages. New edi- 
tion. Illustrated. 8vo, cloth 5 00 

Vol. 2. The Utilization of Induced Currents. Illus- 
trated. 8vo, cloth 5 06 

— t ^ Electric Lamps and Electric Lighting. Being a 
ocurse of four lectures delivered at the Rojal Insti- 
tuClon, April-May, 18M. 8vo, clQth» luUy illustrated S CO 



» 
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FI.EMINO (Prof. J. A.). Electrical Laboratory 
Notes and Forms. Elementary and adTanoed. 4to, 
cloth, illustrated 5 00 

FOI^ET (NELSON), and THOS. PRAT, Jr. The 

Mechanical Engineers' Reference Booic for Machine 
and Boiler Ck>nstruction, in 2 parts. Part 1— Gleneral 
Engineering Data. Part ^Boiler Construction. 
With flfty-one plates and nimierous illustrations, 
specially drawn for this work. Folio, half mor . ... .25 00 

FOBNEY (MATTHIAS N.). Catechism of the Loco- 
motive. Second edition, revised and enlarged. 
Forty-sixth thousand. 8vo, cloth 8 50 

FOSTER (Gen. J. O., U. S. A.). Submarine Blasting 
in Boston Harbor, Massachusetts. Removal of 
Tower and Corwin Rocks. Illustrated with 7 plates 
4to. cloth 8 50 

FOSTER (H. A.). Electrical Engineers' Pocket Book. 
1000 pages with the collaboration of Eminent 
Specialists. Third edition, revised. Pocket size, 
full leather 6 00 

FOSTER (JAMES). Treatise on the Evaporation 
on Saccharine, Chemical and other Liquids by the 
Multiple Svstem in Vacuum and Open Air. Second 
edition. Diagrams and large plates. 8vo, cloth. ... 7 50 

FOWLER. Mechanical Engineers' Pocket Book for 

IflOft . 100 

FOX (WM.), and C. W. THOMAS. M. E. A 

Practical Course in Mechanical Drawing, second 

edition, revised. 12mo, cloth, with plates. 1 25 

FRANCIS (JAS. B., C. E.). Lowell HydrauUo 
Experiments. Being a selection from experiments 
on Hydraulic Motors, on the Flow of Water over 
Weirs, in open Canals of uniform rectangular 
section, and through submerged Orifices and 
diverging Tubes. Made at Lowell, Mass. Fourth 
edition, revised and enlarged, with many new experi- 
ments, and illustrated with 23 copper-plate engrav- 
ings. 4to,cloth 16 00 

FBOST (GEO. H.). Engineer's Field Book. By C. 
S. Cross. To which are added seven chapters on Kail- 
road Location and Construction. Fourth edition. 
12mo, cloth... c*^*** 1 00 
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FUf 'liEB (OBOBOB W.)* iceport on the Investiga^ 
tioDB into the Purification of toe Ohio Biver Water 
at Louisville, Kentucky, made to the President anu 
Directors of the LonisVille Water Company. Pub- 
lished imder agreement with the Directors. 4to, 
cloth. 8 full page plates. net 10 Ot 

OBIFEi:< (WM.), and KII«OOUB, rM. H.) A 
Vocketbook of Electrical Engineering Formula. Il- 
lustrated. 18mo,moroooo 8 06 

GBBBBB (NICHOLAS). Chemical and Physical 
Analysis of Milk, Condensed Milk and Infant's Milk* 
Food. 8vo, cloth 1 36 

GESCHWIND (LUCIEN). Manufacture of Alum and 
Sulphates, and other Salts of Aiumina and Iron ; 
their uses and applications as mordants in dyeing 
and calico printing, and their other applications in 
the Arts, Manufactures, Sanitary Engineering, Agri' 
culture, and Horticulture. Translated from the 
French by Charles Salter. With tables, figures and 
diagrams. 8vo, cloth, illus. net 6 00 

OIBBS (WILLLAM E.). lightingby Acetylene, Qen- 
erators. Burners and Electric Furnaces. With 66 
illustrations. Second edition revised. 12mo, cloth. . 1 60 

OILLMOBE (GEN. Q. A.). Treatise on Limes, Hy- 
raulic Cements, and Mortars. Papers on Practice 
Engineering, United States Engineer Department, 
No », containing Reports of numerous Experiments 
conducted in New York Cityduring the years of 1858 
to 1R61, inclusive. With nimierous illustrations. 8vo 
cloth 400 

Practical Treatise on the Construction of Roads. 

Streets, and Pavements, with 70 illustrations. 12mo, 
cloth 200. 

Report on Strength of Building Stones in the 

United States, etc. 6vo, illustratedcloth 1 00 

GOLDING (HBNBY A.). The Theta-Phi Diagram. 
Practically applied to Steam, Gas, Oil and Air En- 
gines. 12mo, cloth. Illustrated net 1 86 

GOODBYE (T. M .)• A Text-Book on the Steam En- 
fldne. With a Supplement on Gas-Bngines. Twelfth 
Edition, enlarged. 148 illustrations. 12mo, doth. . . 2 00 

OOBB (G., F. B. 8.)« The Art of Electrolytic Separa- 
tion of Metals, etc. (Theoretical and Practioal.) 
Illustrated. 8vo, cloth 8 60 
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OOUIJ> OB. RHEBMAN). The Arithmetic of the 
Steam Engine. 8yo, cloth 1 <X^ 

GRIFFITHS (A. D., Ph. D.). A Treatise on Manures, 
or the Philoeophj of Manuring. A Practical Hand- 
Book for the Agriculturist, Manufacturer and 
Student. 12mo, doth 8 00 

GBOTBB (FRBDEBICK). Practical Treatise on 
Modem Gas and Oil Engines. Svo, doth. Illustrated 2 00 

GVBDBN (RICHARD IXOTI>). Traverse Tables: 
computed to 4 places Decimals for every ^ of angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New Edition. Folio, half morocco. ..7M 

GUT ABTHUB (F.). Electric Light and Power, 
giving the Result of Practical Experience in Oentral 
Station Work. 8vo, cloth. Dlusurated 2 60 

HAEDEB (HEBMAN C. E.). A Hand-book on the 
Steam Engine. With especial reference to small 
and medium sized engines. English edition re-edited 
by the author from the second German edition, and 
translated with considerable additions and altera- 
^ tions by H. H. P. Powels. 12mo, cloth. Nearly 1100 
illuBtrations 8 00 

HAIiL (WM . S. Prof.). Elements of the Differential 
and Integral Calculus. Second edition. 8vo, cloth. 
Illustrated net 2 25 

HAU3ET (V. A.). Slide Valve Gears; an Explanation of 
the action and Construction of Plain and Cut-off 
Slide Valves. lUustrated. 12mo, cloth. Sixth 
edition. 160 

The Use of the Slide Rule. Illustrated with 

diagrams and folding plates. 16mo, boards 60 

HAMILTON (W. G.). Useful Information for Bail- 
way Men. Tenth Edition, revised and enlarged. 
662 pages, pocket form. Morocco, gilt 2 00 

HANCOCK (HEBBEBT). Text Book of Mechan- 
ics and Hydrostatics, with over 600 diagrams. 8vo, 
cloth f 175 

HABBISON (W. B.). The Mechanics* Tod Book. 
With Practical Rules and Suggestions for use of 
Machinists, Iron-Workers, and others. Illastrated 
with 44 eograv^nrs. 12mo, cloth ISO 
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SASKINS (C. H.)* The Qalvanometer and its Uses. 
A Manual for Electricians and Students. Fourth 
edition. 12mo, cloth 150 

BAWBE rwiIXIAM H.). The Premier Cipher 
Telegraphic Oode Containing 100,000 Words and 
Phrases. The most complete and most useful general 
code yet published. 4to. cloth 600 

— — 100,000 Words; Supplement to the Premier Code. 
All the words are select -hI from the official vocabu- 
laiy. Oblong quarto, cloth 430 

SAWKINS (C. C.) and WAIXI8 (F.). Th*^ Dynamo; 
its Theory, Design and Manufacture. 190 illustra- 
tions, 12mo, cloth 800 

HAT (AXFBED). Principles of Alternate-Current 
Working. 12mo, cloth, illustrated 2 00 

HEAP (Major D. P., U. S. A.). Electrical AppliaDces 
of the Present Day. Report of the Paris Electrical 
Exposition of 1881. 250 illustrations. 8vo, doth..... 200 

HE ATISIDE (OlilVEB). Electromagnetic Theory. 
8vo, c otb, two volumes each 6 00 

HENBICI (OliAUS). Skeleton Structures. Applied 
to thh Building of Steel and Iron Bridges. Illustrated 1 50 

HEBBMA19N (GUSTAV). The Graphical Statics of . 
Mechanism. A Guide for tbe Use of Machinists, 
Architec'S, and Engineers: and also a Text-book for 
Technical Schools. Translated and annotated by A. 
P. Smith, M. E. 12mo, cloth, 7 folding plates, lliird 
Edition 200 

HERMANN (FEUX). Painting on Glass and Porce- 
laia and Enamel Paiofing. On the Basis of Personal 
Practical Experience c f the Condition of the Art up 
to date Translated by Charles Salter. Second 
greatly enlarged edition. 8vo, cloth. Illustrations, 
net : 350 

HEWSON (WM.). Principles and Practice of Em- 
banking L^mds from Birer Floods, as applied to the 
Levees of the Mississippi. 8vo, cloth 200 

Hirii (JOHN W.). The Purification of PiibUc Water 
Supplies. Illustratt>d with valuable Tables, Dia- 
grams and Cuts. 8vo, dotb, 804 pages 300 

• The Interpretation of Water Analyses. . (Di Press) 
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HOBBS (W. B. P.). The Arithmetic of Electrical 
Measurements with numerous examples. Fully 
Worked, 12mo, cloth JSa 

HOFF (WM. B., Com. U. S. Navy.). The Avoidance 
of Collisions at Sea. 18mo, morocco 75 

HOIXBY (AI^BXANBEB I..). Railway Practice. 
American and European Railway practice in the 
Economical Generation of Steam. 77 lithograi»hed 
plates. Folio, cloth 12 00 

HOUUBS (A. BBOIMXBIO* The Electric Li|;ht Pop- 
ularly Explained. Fifth Edition. Qlustrated. 12mo, 
paper fiO 

HOPKINS (NBVU. M.). Model Engines and small 
Boats. New Methods of Eng^ine and Boiler Makine 
with a chapter on Elementary Ship Design and 
Construction. 12mo,cloth 125 

HOSPITAIilEB (E.). Polyphased Alternating Cur- 
rents. Illustrated. 8to, cloth 1 4(^ 

HOWABD (C. B.). Earthwork Mensuration on the 
Basis of the Prismoidal Formulae. Contcdning 
Simple and Labor-saving Methods of obtaining Pris- 
moidal Contents directly from End Areas. Illustra- 
ted by Examples and accompained by Plain Rules 
for Practical Uses. Illustrated. 8vo, cloth 1 60 

HmUBEB (WIIXI AM, C. E.). A Handy Book for 
the Calculation of Strains in Girders and Similar 
Structures, and their Strength : Consisting of 
Formulae and Corresponding Diagrams, with 
numerous details for practical appucation, etc. 
Fourth Edition. 12mo, cloth 2 60 

HITBST (GEOBGE HO* Colour; A Hand-book of the 
Theory of Colour. Containing ten coloured plates 
and 72 diagrams. 8vo, cloth. Illustrated. Price — 2 60 

— Lubricating Oils, Fats and Greases. Their Origin, 
Preparation, Properties, Uses and Analysis. 318 
pages, with 65 illustrations. 8vo, cloth 8 00 

— Soaps; A Practical Manual of the Manufacture of 
Domestic, Toilet and other Soaps. Illustrated with 

66 Engravings. 8vo, cloth 5 00 
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HUTCHINSON (W. B.). Patents and How to Make 
Mooey out of Them. Member of NewYcrkBar. 
12mo,c]otli. New York, 1889 195 

HVTTON (W. S.}. Steam Boiler Construction. A 
Practical Hand-book for Engineers, Boiler Makers 
and Steam Users. Containing a large collection 
of rules and data relating to recent inractioe in the 
design, construction, and working of aU kinds of 
stationary, locomotive and marine steam boilers. 
With upwards of 600 illustrations. Third edition. 
Careful^ revised and much enlarged. 8to, cloth ... 6 00 

^ Practica Engineer's Hand-book. Comprisinfir a 
treatise on Modem Engines and Boilers, Marine, 
Locomotive and Stationary. Fourth edition. Care- 
fully revised with additions. With upwartls of 670 
illustrations. 8vo, cloth 7 00 

tf The Works' Manager's Hand-book of Modem 

Rules, Tables, and Data for Civil and Mechanical 
Engineers. Millwrights and Boiler Makers, etc., etc. 
With upwards of 160 illustrations. Fifth edition. 
Carefully revised, with additions. 8vo, cloth 6 00 

INNES (CH ABIDES H.). Problems In Machine Design. 
For the Use of Students, Draughtsmen and others. 
12mo, cloth 1 50 

Centrifugal Pumps, Turbines and Water Motors. 

Including the Theory and Practice of Hydraulics. 
12mo, cloth net 2 00 

ISHEBTV^OOD (B. F.)* Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Imgineers. With illustra- 
tions. 2 vols, in 1. 8vo, doui 2 60 

JAJHESON (CHABIiES D.). Portland Cement. Its 
Manufacture and Use. 8vo,cloth 1 60 

aABOESON (ANBBEW C. B.). A Text-Book on 
Steam and Steam Engines. Specially arranged for 
the use of Science ana Art, City and Quilds of London 
Institute, and other Engineering Students. Tenth 
edition. Illustrated, l^o. cloth 8 00 

■ Elementary Manual on Steam and the Steam 
Engine. SpedaUy arranged for the use of First- 
Year Science and Art, City and Guilds of London 
Institute, and other Elementary Engineering 
Students. Third edition. 12mo, cloth i 50 
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JAUNBTTAZ (EDTV^ABD). A Guide to the Deter- 
minatioii of Bocks : being an Introdaction to 
Idthology. Translated from the French by O. W. 
Plympton, Professor of Physical Science at Brook- 
lyn Polytechnic Institute. 12mo, cloth 1 60 

JOHNSTON, Prof. J. F. W., »nd CAMBRON, Sir 
OHAS. Elements of Agricultural Chemistry and 
Geology. Seventeenth edition. 12mo, cloth 2 60 

JOTNSON (F. H.)* The Metals used in Construction. 
Iron, Steel, Bessemer Metal, etc. Illustrated. ISmo, 
doth 75 

Designing and Construction of Machine Gearing. 

Illustrated. Svo, cloth 2 00 

KANSAS OITT BRIDGB (THEO With an Account 
of the Regimen of the Missouri River and a Descrip- 
tion of the Methods used for Foundingin that River. 
By O. Chanute, Chief Engineer, and (George Morri- 
son, Assistant Engineer. Illustrated with 5 litho- 
graphic views and 12 plates of plans. 4to, cloth. . . 6 00 

KAPP (6ISBEBT C. £.)• Electric Transmission 
of Energy and its Transformation, Subdivision, and 
Distribution. A Practical Hand-book. Fourth 
edition, revised. 12mo, cloth 8 60 

Djrnaroos, Alternators and Transformers. 188 
Illustrations. 12mo, cloth 4 00 

KSMPE (H. B.)* The Electrical Engineer's Pocket- 
Book of Modem Rules, Formute, Tables and Data, 
niustrated. 82mo, mor. gilt 175 

KBNNEIXT (A. E.}. Theoretical Elements of Elec- 
tro-Dynamic Machinery. 8vo,cloth 160 

KUiOOUB, M . H., SWAN, H., and BIGGS, C. H. 

W. Electrical Distribution; its Theory and Practice. 
174 Illustrations. 12mo, cloth 4 00 

KINO (W« H.). Lessons and Practical Notes on 
Steam. The Steam Engine, Propellers, etc., for 
Tonng Marine Engineers, Students, and others. 
Revised by Chief Engineer J. W. King, United States 
Navy. Nineteenth edition, enlarged. 8vo, doth .... 2 00 

KINGDON (J. A.). AppUed Magnetism. An intro- 
duction to the Design oi Electromagnetic Apparatus. 
8vo.ck>th. 800 
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KIBKAU>T (WM. 6.}. IHustrations of David Kirk- 
aldv's System of ^lecnanical Testing, as Originated 
and Carried On by him during a Quarter of a Century. 
Comprising a Largre Selection of Tabulated Results, 
showing the Sirenirth and other Properties of Mate- 
rials u^d in Construction, with explanatory Text 
and His^ orical Sketch. Numerous engravings and 
26 lithographed plates. 4to, cloth. 20 0# 

KIBKWOOD (J AS. P.). Report on the Filtration of 
River Waters for the supply of Cities, as practised in 
Europe, made to the Board of Water Commissioners 
of the City of St. Louis. Illustrated by 80 double- 
plate engravings. 4to, cloth 7 60 

KNIGHT (AUSTIN M., LieHttenant-Commander. 
U. S. N). Modern Seamanship. Illustrated with 136 
full-page plates and diagrams. 8vo, cloth. Second 

edition, revised net 6 00 

Half morocco 7 50 

UiRR ABEE (C. S.). Cipher and Secret Letter and 
Telegraphic Code, with Hog's Improvements. The 
most perfect Secret Code ever invented or discov- 
ered. Impossible to read without the key. 18mo, 
cloth 60 

IiEASK (A. RITCHIE). Breakdowns at Sea and 
How to Repair Them. With eighty-nine Illustra- 
tions. 8vo, cloth. Second edition 2 00 

Triple and Quadruple Expansion Engines and 

Boilers and their Management. With fifty-nine 
illustrations. Third edition, revised. 12mo, cloth. . 2 00 

— Refrigerating Machinery : Its Principles and 
Management, with sixty-four illustrations. ]2mo, 
cloth 200 

liECKT (S. T. S.). " Wrinkles " in Practical Naviga- 
tion. With 180 illustrations. 6vo, cloth. Ninth 
edition, revised.. net 8 00 

liEVY (C. li.). Electric light Primer. A Simple and 
Comprehensive Digest of all of the most important 
facts connected with the running of the dynamo, and 
electric lights, with precautions for safety. For the 
use of persons whose duty it is to look after the 
plant. Svo.paper 50 
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IXV'ACHE (ACH., Ingenienr Civil Des Mines). 
The Manufacture of varnishes, Oil Crushing, Refin- 
ing and Boiling and Kindred Industries. Tiiuislated 
from the French and greatly extended, by John 
Qeddes Mclntosli. Svo, cloth. Illustrated net 5 00* 

UOCKJR (AliFBED G., and CHABLGS G.) A Prac- 
tical Ireatise on the Manufacture of Sulphuric Acid. 
With 77 ConstructlTe Plates drawn to 8cale Meas- 
urements, and other Illustrations. Royal 8to, cloth.lO 00^ 

IXK3KERT (liOUIS). Petroleum Motor-Cars. 12mo, 
cloth 16(K 

IXKIKWOOD CTHOS. D.). Electricity, Magnetism, 
and Electro-Telegraphy. A Practical Guide for 
Students, Operators, and Inspectors. 8vo, cloth. 
Thirdedition 2 6& 

■ ■ Electrical Measurement and the Qalvanometer ; 
its Construction and Uses. Second edition, a^ illus- 
trations. 12mo, cloth 1 SO 

liODGE (OI^ITEB J.). Elementary Mechanics, 
including Hydrostatics and Pneumatics. Revised 
edition. 12mo. cloth 1 Sa 

liOBING (A. E.). A Hand book of the Electro-Mag- 
netic Telegraph. Fourth edition, revised 

IiUCE (Com. S. BA Text-Book of Seamanship. The 
Equipping and Handling of Vessels under Sail or 
Steam. For the use of the U. S. Naval Academy. 
Revised and enlarged edition, by Lt. Wm. S. Benson. 
8vo, cloth. ... 10 OO 

i;i7NGB (GEO.). A Theoretical and Practical Treatise 
on the Manufacture of Sulphiuic Acid and Alkali 
with the Collateral Branches. Vol. I. Sulphuric 
Acid, Second edition, revised and enlarged. 842 

illustrations. 8vo, cloth 15 00 

Vol. U. Second edition, revised and enlarged. 

8vo, cloth 16 80 

Vol m. 8vo,cloth. New edition, 1896 15 CO 

I^VNGE. (GEO.), and HUBTEB, F. The AlkaU 
Miner's Pocket-Book. Tables and Analytical Meth- 
ods for Manufacturers of Sulphuric Acid, Nitric 
Acid, Soda, Potash and Ammonia. Second edition. 
12mo, cloth 8 Jli, 
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LUQUEB OLEA MelLTAIKK, Pb. D.). Minerals 
m Rock Sections. The Practical Method of Identi- 
tying Minerals in Bock Sections with the micro- 
scope, EspeciallT arranged for Students in Technical 
andSdentiflc Schools. 8vo. doth. Illustrated.. net 1 M 

M ACKROW (CIJBMBNT). The Naral Architect's 
and 8bip-Builder*8 Pocket-Book of Formulie, Rules 
and Tables; and Engineers* and Surveyors* Handy- 
Book of Reference. Eighth edition, revised and en- 
larged. 16mo, limp leather. Illustrated 5 OC 

MAGUIBZ: (Capt. BDWARD. U. S. a!). The 
Attack and Defence of Coast Fortifications. With 
Maps and Numerous Illustrations. 8vo, cloth 2 60 

UKAOUTBX: (WM., B.). Domestic Sanitary Drainage 
and Plumbing Lectures on Practical Sanitation. ^ 
illustrations. Svo 4 00 

MABKS (GDWABD C. B.). Mechanical Engineering ^ 
Materials: their Properties and Treatment in Ck>n- 
struction. 12mo, cloth. Illustrated. 00 

Notes on the Ck>nstruction of Cranes and Lifting 

Machinery. 12mo, cloth 160 

MARKS (O. C). Hydraulic Power Engineering: a 
Practical Manual on the Concentration and Trans- 
mission of Power by Hydraulic Machinery. With 
over 200 diagrams, figures, and tables. Svo, cloth. 
Illustrated 3 50 

MAYER (WM.)* American Telegraphy: Systems, 
Apparatus, Operation. 460 illustrations. Svo, cloth. 8 60 

MATRB (ProC A. M.). Lecture Notes on Physics. 
8to, cloth. 2 00 

McCUIiLOCH (Prof. B. S.). Elementary Treatise 
on the Mechanical Theory of Heat, and its applica- 
tion to Air and Steam Engines. SvOtClotii 8 60 

tfcNRUX (BEDFORD). McNeill*s Code. Arranged 
to meet the requirements of Mining, Metallurgical 
and Civil Engineers, Directors of Mining, 8melt- 
'^ing and other Companies, Bankers, Su>ck and Share 
Brokers, Solicitors, Accountants, Financiers, and 
General Merchants. Safety and Secrecy • Bvo, cloth. 6 00 
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McPHBBSON (J. A.. A. M, Inat a E.). Water- 
works Distribution: a practical guide to the laying 
out of systems of distributing mains for the supply 
of water to cities and towns. With tables, folding 
plates and numerous full-page diagrams. 8yo» 
doth. Illustrated 8 00 

METAIi TURNING. By a Foreman Pattern Maker. 
Illustrated with 81 engravings. 12mo, cloth 1 80 

BUNIFIS: (WM.). Mechanical Drawing. A Text- 
bo k f Geometrical Draw <ng for the use of Mechanics 
and Schools, in which the Definitions and Rules of 
Geometry ^re fandiiarly explained; the Practical 
Problems are arranged from the most simple to the 
more complex, and in their description technicalities 
are avoided as mu< h as possible. With illustrations 
for Draw ne Pl»ns. Secrlons. and Elerations of BaU- 
ways and Machinery; an Introduction to Isometrical 
Drawiofl;, at d an Essay on Linear Perspective and 
Shadows Illustrated witb over 200 diagrams 
engraved on steel. Ninth thousand. With ao appen- 
dix on the Theory and Application of C!olors. Bvo, 
doth 400 

Geom<'trical Drawing. Abridged from the Octavo 

edition, for the use of schools. IIIust rated with 48 
steel plates. Ninth edition. 12mo, doth 2 00 

MODSBN MI:TB0B0IX>6Y. A Series of Six 
Lectu ' es, delivered under the auspices of the Meteor- 
ological Sodety in 1870. Illustrated. 12mo, cloth . 1 50 

MOBEIN6 (C. A.), and NEAI. (THOMAS). Tele- 
graphic Mining Coje AlphabeticaUy arranged. 
Second edition. 8vo,doth 8 40 

MORRIS (E.). Easy Bules for the Measurement of 
Earthworks bv means of the Prismoidal Formula. 
8vo, cloth. Illustrated 150 

MOSBS (ALFBSD J.)» and PARSONS, C. Jj. Ele- 
ments of Mineralogy, Crystallography and Blowpipe 
Analysis from a practical standpoint. Fourth 
thousand. 8vo, doth. 866 illustrations net 2 CO 

MOSSS (AliFRED J.). The Characters of Crystals. 
An Introduction to Physical Crystallography, co-*- 
taining 821 Illustrations and Diagrams. 8vo, 211 
pp net ?00 
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MOORE (B. C. S.)* New Tables for the Complete ' 
Solution of Ganguillet and Kutter's Formula for the 
flow of liquids in open channels, pipes, sewers and 
conduits. In two pj&rts. Part I, arranged for 1,060 
inclinations from 1 over 1 to 1 over 21,1^ for fifteen 
different values of (n). Part II, for use with all other 
values of (n). With large folding diagram. 8vo, 
cloth. Illustrated ...net 6 OO 

MUIXIN (JOSEPH P., M. E.). Modern Moulding 
and Pattern-Making. A Practical Treatise upon 
Pattern Shop and Foundry Woric; embracing the 
Moulding of Pulleys, Spur Gtoars, Worm Gears, Bal- 
ance-Wheels. Stationary Engine and Locomotive 
Cylinders, Qiobe Valves, Tool work, Mining Machin- 
ery, Screw Propellers, Pattem^flbop Machinery, and 
the latest improvements in Englisn and American 
Cupolas; together with a large collection of original 
and carefully selected Rules and Tables for every- 
day use in the Drawing Office, Pattern-Shop and 
Foundry. ISmo, cloth. Illustrated 2 50 

MUNBO (JOHN C. E.), and JAMIESON 

ANDREW. O. E. A Pocket-book of Electrical 

Rules and Tables for the use of Electricians and 

|. Engineers. Thirteenth edition, revised and enlarged. 

Witli numerous diagrams. Pocket size. Leather. . 2 50 

MUBPHT (J. O., M. E.). Practical Mining. A 
Field Manual for Mining Engineers. With Hints for 
Investors in Mining Properties. 16mo, morocco 
tucks 100 

NAQUET (A.). Legal Chemistry. A Guide to the 
Detection of Poisons, Falsification of Writings, 
Adulteration of AJimentary and Pharmaceutical 
Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applied to Chemi- 
cal Jurisprudence. Translated from the French, 
by J. P. Battershall, Ph D., with a preface by C. F. 
Chandler, Ph. D., M. D., LL. D. 12mo, cloth 2 00 

NASMITH (JOSEPH). The Student's Cotton Spin- 
nlng. Third edition, revised and enlarged. 8vo. 
cloth. 622 pages. 250 Illustrations 3 00 

NEW ALL (JOHN W.). Plain Practical Directions 
for Drawing, Sizing and Cutting Bevel-Gears, show- 
ing how the Teeth may be cut in a Plain Milling 
Machine or Gear Cutter so as to give them a correct 
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shape from end to end; and showing how to get out 
all particulars for the Workshop without makinff 
any Drawings. Including a FuU Set of Tables of 
Reference. Folding plates. 8vo, cloth 1 50 

NBUBURGEB (HBNRY) and HENBI NOAI«. 
HAT. Technology of Petroleum. The Oil Fields 
of the World; their History, Geography and Geology. 
With 153 illustrations and 25 plates. Translated 
from the French by John Geddes Mcintosh. 8to, 
cloth , net 10 00 

WEWULRDS (JAMES). The Carpenters* and Join- 
ers* Assistant: being a Comprehensive Treatise on 
the Selection, Preparation and Strength of Mate- 
rials, and the Mechanical Principles of Framing. 
Illustrated. Folio, half morocco 15 00 

ZraPHEB (FRANCIS £., A. M.). Theoiy of Ma«- ■ 
netic Measurements, with an appendix on the 
Method of Least Squares. 12mo,cioth 100 

NOAD (HENBY M.). The Students* Text-Book of 
Electricity. A new edition, carefully revised. With 
an Introduction and additional chapters by W. H. 
Preece. With 471 illustrations. 12mo, cloth 4 00 

NUGENT (£.). Treatise on Optics; or, Light and Sight 
theoreticaliv and practically treated, with the aj^Ii- 
cation to Fine Art and Industrial Pursuits. With 
- JOS illustrations. 12mo,cloth. 150 

O'CONNOR (HENRY). The Gas Engineer's Pocket- 
Book. Comprising Tables, Notes and Memoranda; 
relating to the Manufacture, Distribution and Use 
of Coal Gas and the Construction of Gas Works. 
12mo, full leather, gilt edges 8 50 

OUDIN (M. AO* Standard Poljrphase Apparatus and . 
Systems. with many photo-reproductions, dia- ' 
grams, and tables. Third edition, revised. 8vo, 
cloth. Illustrated 8 00 

PAGE (DATID). The Earth*8 Crust, A Handy Out- 
line of Geology. 16mo, cloth 76 

PAXAZ (A., SoD.). A Treatise on Industrial Pho- 
tometry, with special application to Electric Light- 
, ing. Authorized translation from the Frencl^ by 
George W. Patterson, Jr. Second edition, revised. 
8vo,cloth. Illustrated 4 00 
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PABSHAIiL (H. F.) and H. M. HOBABT. 

Armature Windings of Electric Blachines. With 140 
f ull-pap:e plates, 66 tables, and 165 pages of descrip- 
tive letter-press. 4to, cloth 7 50 

PEIBOB (B.). System of Analytic Mechanics. 4to, 
cloth 10 00 

PBBBINE (F. A. O., A.M.» D.So.). Conductors 
for Electricid Distribution; their Manufacture and 
Materials, the Calculation of Circuits, Pole-Line 
Construction. Underground Worldxigand other Uses. 

8vo, cloth. Illustrated net 3 50 

Postage 25 

PEBBY (JOHN). Applied Mechanics. A Treatise 
for the use of students who have time to work 
experimental, numerical and graphical exercises 
illustrating the subject. 8vo, cloth. 660 pages., net 2 50 

PHn^IilPS (JOSHUA). Engineering Chemistiy. A 
Practical Treatise for the use of Analytical Chem- 
ists. Engineers, Iron Masters, Iron Founders, 
students and others. Comprising methods of Analy- 
sis and Valuation of the principal materials used in 
Engineering works, with numerous Analyses, Exam- 
ples and Suggestions. 314 illustrations. Second 
edition, reviaed and enlarged. 8vo, cloth 4 50 

nCKWOBTH (CHAS. N.). The Indicator Hand- 
book. A Practical Manual for Engineers. Part L • 
The Indicator: Its Construction and Application. 81 
illustrations. ISmo, cloth 1 60 

—— The Slide Rule. A Practical Manual of Instruc- 
tion for all Users of the Modem ^pe of Slide Rule, 
exhibiting the Application of the Instrument to the 
Everyday Work of the Enrineer,— CivU. Mechanical 
and Electrical. 12mo, flenble doth. Fifth edition. 80 

PUkNE TABI.E (THE). Its Uses in Topographical 
Surveying. From the Papers of the United Stated 
CoastSurvey. Illustrated. 8yo, cloth 2 00 

VULNTB (GASTON). The Storage of Electrical 
Energy, and Researches in the Effects created by 
Currents, combining Quantity with High Tension. 
Translated from the French by Paul B. Elwell. 80 
illustraUons. 8vo 4 00 

PI«ATTNEB. Manual of Qualitative and Quantitative 
Analysis with the Blow-F;fpe. Eighth edition, re- 
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▼ised. Translated bj Henry B. Cornwall, E.M., Fh.DM 
assisted by John H. Oaswell, A.H. From the sixth 
German edition, by Prof. Friedilch Kolbeck. Ulus* 
trated with 87 woodcuts. 468 pa^es. 8to, cloth.. net 4 OO 

PI^YBIPTON (Prof. GEO. W.). The Aneroid Ba- 
rometer: its Construction and Use. Compiled from 
several sources. Fourth edition. 10mo, boards. 
'Illustrated 50 

90€JKKT Ii06ABlTUMS» to Four Places of Deci- 
mals, including Logarithms of Numbers, and Locn- 
rithmic Sines and Tangents to Single Minutes. To 
which is added a Table of Natural Sines, Tangents, 
and Co-Tangents. 16mo, boards, fill 

pops: (F. I^). Modem Practice of the Electric Tele- 
graph. A Technical Hand-book for Electricians, 
Managers and Operators. Fifteenth edition, rewrit- 
ten and enlarged, and fully illustrated. 8to, cloth. 1 50 

POPPUSflTEIX (W. C.)* Elementary Treatise on 
Heat and Heat Engines. Specially adapted for 
engineers and students of engineering. 12mo, cloth. 
Illustrated 8 00 

POWI^S (H. H.)* Steam Boilers. . : (In Press.) 

PRAT (Jr., THOMAS). Twenty Years with the 
Indicator; being a Practical Text-Book for the 
Engineer or the Student, with no complex Formulae. 
Illustrated. Svo, cloth 2 50 

— ^— Steam Tables and Engine Constant. Compiled 
from Regnault, Rankineand Dixon directly, making 
use of the exact records. Svo, cloth 2 00 

PRAOTIOAIi IRON FOUNDING. By the Author 
of '* Pattern Making,'' &c., &c. Illustrated with 
over one hundred engravings. 12mo, cloth 1 SO 

PBRECB (W.>: H.). Electric Lamps (In Press.) 

PBESCX: (W. H.), and STUBBS, A. T. Manual 
of Telephony. Illustrations and plates. 12mo, cloth. 4 50 

PBEMIBB COOB. (See Hawk, Wm. H.) 

PBESCOTT (Prof. A. B.). Organic Analysis. A 

Manual of ttie Descriptive and Analytical Chemistry* 

of certain Carbon Compounds in Common Use; a 

^ Guide in the Qualitative and Quantitative Analysis 

of Organic Materials in Commercial and Phanaar 
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oeutical Assavs, in the estimation of Impurities 
sunder Authonsed Standards, and in Forensic Exam- 
inations for Poisons, with Directions for Elementary 
Organic AnalyBis. fifth edition. 8vo, cloth 5 00 

TBESCOTT (Prof. A. B.)* Outlines of Proximate 
Organic Analysis, for the Identification, Separation, 
and Quantitative Determination of the more com- 
monly occiuTing Organic Compounds. Fourth edi- 
tion. ISmo, cloth 175 

First Book in Qualitative Chemistry. Eighth 
edition. 12mo, cloth 160 

and Otis Coe Johnson. Qualitative Chemical 
Analysis. A Guide in the Practical Study of Chem- 
istry and in the work of Analysis. Fifth fully re- 
vised edition. With Descriptive Chemistiy extended 
throughout net 8 50 

iPBITCHARD (O. 6.). The ICanufacture of Electric 
Light Carbons. Illustrated. 8vo, paper 60 

PUIil^EN (W. W. F.). AppUcation of Graphic Meth- 
ods to the Design of Structures. Specially prepared 
for the use of Engineers. 12mo, cloth. Illustrated. 

net 2 60 

PUIiSIFEB (W. H.). Notes for a History of Lead. 
8vo, cloth, gilt tops 4 00 

PTNCHON (Prof. T. B.). Introduction to Chemical 
Physics, designed for the use of Academies, Col- 
leges, and High Schools. Illustrated with numerous 
engravings, and containing copious experiments 
with directions for preparing them. New edition, 
revised and enlarged, and illustrated by 269 illustra- 
tions on wood. Svo, cloth 8 00 

BADFORD (Llent. CTKUS S.). Hand-book on 
Naval Gunnery. Prepared by Authority of the Navy 
Department. For the use of U. S. Navy, U. S. 
Marine Corps and U. S. Naval Reserves. Revised 
and enlarged, with the assistance of Stokely Morgan, 
Lieut. U. S. N. Third edition. 12mo, flexible leather. 2 00 

BAFTER (GEO. W.). and M. N. BAKER. Sew- 
age Disposal in the United States. Illustrations and 
folding plates. Second edition. 8vo, cloth 6 00 

BAM (GILBEBT S.). The Incandescent Lamp and 
its Manufacture, Svo.doth 8 00 
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BANDAIX (J. S.)* A Practical Treatise on the 
Incandescent Lamp. lUnstrated. 10mo, cloth M 

RANBAIX (P. M.). QuartE Operator's Hand-book. 
New edition, rerised and enlaned, fully illustrated. 
Wmo. cloth 8(» 

BANKIITE (W. J. BIACQUOBN.) Applied Mechan- 
ics. Comprising the Principles of Statics and Cine- 
matics, and Theory of Structures, Mechanism, and 
Machines. With numerous diiurams. Fifteenth 
edition. Thoroughly revised by w. J. Millar, dvo, 
doth : 5<» 

Civn Engineering. Comprishig Engineering Sur- 
veys, Earthwork, Foundations, Masonry, Carpentry, 
Metal Work, Roads, Railways, Canals, Rivers, 
Water Works, Harbors, etc. with numerous tables 
and illustrations. Twentieth edition. Thoroughly 
revised by W. J. Millar. 8vo, cloth 6W 

Machinery and Millwork. Comprising the G^m- 

etry, Motions, Work, Strength, Construction, and 
Objects of Machines, etc. Illustrated with nearly 
800 wood cuts. Seventh edition. Thoroughly revised 
byW. J.MiUar. 8vo, cloth 6 00 

The Steam Engine and other Prime Movers. 

With diagram of the Mechanical Properties of 
Steam-folding plates, numerous tables and illustra- 
tions. Thirteenth edition. Thoroughly revised by 
W.J.Millar. 8vo,cloth 6 00 

Useful Rules and Tables for Engrineers and 

Others. With appendix, tables, tests, and formulae 
for the use of Electrical Engineers. Comprising 
Submarine Electrical Engineering, Electric Lighting, 
and Transmission of Power. By Andrew Jamieson, 
C. E., F. R S. E. Seventh edition. Thoroughly 
revised by W.J.Millar. Crown 8vo, cloth .4 00 

A Mechanical Text-Book. By Prof. Macquom 

Rankine and E. F. Bamber, C. E. With numerous 
illustrations. Fourth edition. 8vo, cloth 3 50 

RAFHASL (F. C.)* ^Localisation of Faults in Electric 
LightMains. 8vo, cloth 2 00 

BBCKBNZAUN (A.). Electric Traction on Railways 
and Tramways. 218 illustrations. ISmo. cloth 4 00 
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ABKD'S SNOIMlfiEBS* HAND-BOOK to the 

Local Marine Board Bxaminations for Gertiflcates 
of Oompetenc7 ai First and Second Ciass Engineers. 
By W. H. Thorn. With the answers to the Elemen- 



>wy Qoeations. lUustrated hy 297 diagrams and S6 
large plates. Seventeenth edition, revised and en* 

laqEed. 8To,cloth 5 00 

■ Key to the Seventeenth Edition of Reed*s 
Engineer's Hand-book to the Board of Trade Exami- 
nauons for First and Second Class Engineers and 
containing the working of all the questions given in 
the examination papers. By W. H Thorn. 8vo, 
cioth rr....... 800 

" Useful Hints to Sea-going Engineers, and How to 
Repair and Avoid '* Break Itowns; ** also Appendices 
Containing Boiler Explosions, Useful Ix>rmuliB, 
etc With 86 diagi'ams and 4 plates. Second edition, 
revised and enlarged. 12mo, cloth 160 

Marine Boilers: A Treatise on the Causes and 
Prevention of their Priming, with Remarks on their 
General Management. Ulustrated. ISmo, cloth. . . 2 00 

REINHABDT (CHAS. W.). Lettering for Drafts- 
men, Engineers and Students. ▲ Practical System 
of Free-hand Lettering for Working Drawings. 
Thoroughly revised and largely rewritten. Thir- 
teenth thousand. Oblong, boards 100 

BICE (J. M.).» and JOHNSON, W. W. On a 

New Method of obtaining the Differential of Func- 
tions, with especial reference to the Newtonian 
Conception of Bates or Velocities. 12mo, paper 60 

BINGWALT (J. L.). Development of Transporta- 
tion Systems in the United States, Comprising a 
Comprehensive Description of the leading features 
of advancement from the colonial era to the present 
time. With illustrations. Quarto, half morocco. . 7 60 

BIPPER (WTLLIAM). A Course of Instruction in 
Machine Drawing and Design for Technical Schools 
and Engineer Students. With 52 plates and numer- 
ous explanatory engravings. Folio, cloth.. 00 

BOBBLINO (J. A.). Long and Short Span Railway 
Bridges. Illustrated with large copperplate 
"^ engravings of phins and views. Imperial foUo, 
cloth 25 00 
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BOGKBS (Prof. H. D.)« The] Ctoology of Peniujl- 
▼aula. ▲ GoTemment Suryey, with a Qeneiml View 
of the Geology ef the XJnitea States, easays on the 
Goal Fonnatioii and its Fossils, and a description of 
the Goal Fields of North America and Great 
Britain. Illustrated with plates and enmtTing s in 
the text. 8 vols., 4to, cloth, with portfolio of maps . 16 00 

BOSS (JOSHUA, M. B.). The PattemMakera* 
Assistant. Embracing Lathe Work, Branch Work, 
Gore Work, Sweep Work, and Practical Gear (Con- 
structions, the Preparation and Use of Tools, 
together with a large collection of useful and yalu- 
able Tables. Tenth edition. Illustrated with 250 
engravings. 8vo, cloth 2 5( 

Key to Engines and Engine-running. A Practical 
Treatise upon the Management of Steam Enghies 
and Boilers for the Usa of Those who Desire to Pass 
an Examination to T&xe Charge of an Engine or 
Boiler. With numerous illustrations, and lostruo- 
tions Upon Engineers* Calculations, Indicators, 
Diagrams, Engine Adjustments, and ouier Valuable 
Information necessary for Eugineers and Firemen. 
12mo, cloth 850 

(SABINIS (BOBBBT). History and Progress of the 
Electric Telegraph. With descriptions of some of 
the apparatus. Second edition, with additions. 
ISmo, cloth 186 

SABLTZBB (AI<EX.). Treatise on Acoustics in con- 
nection with Ventilation. 18mo, cloth 100 

SAIiOMONS (Sir DAVID, M. A.). Electric Light 
Installations. A Practical Hand-book. Eiirnth 
edition, roTised and enlarged, with numerous illus- 
trations. Vol. L The management of Accumula- 
tors. ]2mo, cloth , 160 

VoL n.. Apparatus, 896 illustrations. 12mo, cloth. 8 26 
Vol. HI., Applications. l:2mo, cloth 1 60 

8ANFOBD (P. OJSBAU)). NitroExplostres. A 
Practical Treatise ooncemmg the Properties, Manu- 
facture and Analysis of Nitrated Substances, indud- 
\ ing the Fulminates, Smokeless Powders and (Cellu- 
loid. Svo, cloth, 870 pages 8 00 

8A17NNIBB (CLAUDIUS). Watchmaker*s Hand- 
book. A Workshop Companion for those engaged 



d by Google 



D. VAN NOCTEAND OOMPANY S 



In Watchmaking and allted MecfaantwU Arts. Trans- 
lated by J. TrtppUn and E. Bigflr. Second edition, 
reriwd with appendix. 12nio, cloth 8 6a 

SCnaOBIXBN (Dr. H.)* Magneto-Eleotrie and Dynamo- 
Electric Machines: their Oonstroction and Practical 
Application to Electric Lightinic^ and the Transmls- 
^on of Power. Translated from the third German 
edition, by N. 8. Keith and Percy Neymann, Ph. D. 
With Tory large additions and notes relating to 
American Mac&nes, hy N. S. Keith. VoL L, with 853 
illnstrations. Second edition 6 00 

SCHUMANN (FO* A Manual of Heating and Venti- 
lation in its Practical Application, for the use of 
Engineers and Architects. Embracing a series of 
Tables and Formul» for dimensions of heating, flow 
and return pipes for steam and hot-water boilers, 
flues, etc. l»no, illustrated, full roan 150 

SCBIBNEB (J. M.). EnRineers* and Mechanics* 
Ck>mpanion. ComprisiDg United States Weights and 
Measures. Mensuration of Superflces and Solids, 
Tables of Squares and Cubes, Square and Cube Roots. 
Circumference and Areas of Circles, the Mechanical 
Powers. Centres of Qravity, Gravitation of Bodies, 
Pendulums, Speciflc Gravity of Bodies. Strength, 
Weight, and Crush of Materials, Water-Wheels, 
Hydrostatics, Hydraulics, Statics, Centres of Per- 
cussion and Gyration, Friction Heat, Tables of the 
Weight of Metals, Scantling, etc., Steam and the 
Steam Engine. Twentieth edition revised. 10mo, 
fullmorocco 1 50 

8BATON (A. SO* A Manual of Marine Engineering. 
Comprising the Designing, Construction aubd Work- 
ing of Marine Machineiy. With numerous tables 
and illustrations reduced from Working Drawings. 
Fourteenth edition. Revised throughout, with an 
additional chapter on Water Tube Boilers. 8vo., 
cloth 600 

and ROUNTHWAITE ( H. M.}. A Pocketr- 

book of Marine Engineering Rules and Tables. For 
the use of Marine Engineers and Naval Architects. 
Designers, Draughtsmen, Superintendents, and all 
engiwed in the design and construction of Marine 
Machinery, Naval and Mercantile. Fifth edition, 
revised and enlarged. Pocket size. Leather, with 
diagrams. 12mo. morocco Illustrated. 3 00 



d by Google 



SCIKNTinC PUBLICATIONS. 3J 

• 

SBXTOM (A. HUMBOIiDT). Fad and Befractorr 
Materials. 8vo, cloth 9 00 

SHIEJLDS (J. S.)* Notes on Bngineering Ck>ii8tnio- 
tion. Embracing Discussions of the Principkw 
inyoWed, and Descriptions of the Material empioTed 
in Tunnelling, Bridging, Canal and Boad Building, 
etc. lSmo,cloth 150 

SHOCK (WM. H.). Steam Boilers: Their Desfgn, 
Construction and Management. 4to, half morocco. 15 00 

SHBETE (S. H.). A Treatise on the Strength of 
Bridges and Boof s. Comprising the determmation 
of Algebraic formulas for stnUns In Horizontal, 
Inclined or Bafter, Triangular, Bowstring. Lenticu- 
lar* and other Trusses, from fixed and moring loads, 
with practipal applications and examples, for the 
use of Students and Engineers. 87 woodcut illus. 
Fourth edition. 8to, cloth 8 50 

SHUNK (W. F.). The Field Engineer. A Handj 
Book of raractice in the Survey, Location, and Truck- 
work of Railroads, containing a large collection of 
Bules and Tables, original and selected, a{^cable 
to both the Standard and Narrow Qauge. and pre- 
pared with special reference to the wanw of the 
young Engineer. Fourteeuth edition, revised and 
enlarged. 12mo, morocco, tucks S 60 

SIMMS (F. W.). A Treatise on the F!-&iciples and . 
Practice of Levelling. Showing its application to 
purposes of Bailway Eng^eering, and the Con- 
struction of Boads, etc. Bevisea and corrected, 
with the addition of Mr. Laws* PracUcal Examples 
for setting out Bailway Curves. Illustrated. 8vo, 
cloth 2 50 

* IMMS (W« F.). Practical Tunnelling. Fourth edition, 
revised and greatly extended. With additional 
chapters illustrating recent practice by D. Kinnear 
Clark. With 36 plates and other illnstrations. Im- 
perial 8vo, cloth 12 00 

SLATBB (J. W.)* Sewage Treatment, Purification, 
and Utilization. A Practical Manual for the Use of 
Corporations, Local Boards, Medical Officers of 
Health, Inspectors of Nuisances, Chemists, Manu- 
facturers, Riparian Owners, Engineers, and Bate- 
payers. 12mo,cloth 92H 
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SMITH (ISAAC W.. O. S.)* The Theorr of Deflec- 
tions and of Latltndes and Departures, with special 
applications to Currilinear Snrvejrt, for Alignments 
of Railway Tlracks. Illustrated. 10mo, morocco, 
tucks 800 

8MSIX (AI.BION T.)« Eleotric HotiTe Poww: The 
Transmission and Distribution of Electric Power by 
Continuous and Alternate Currents With a Section 
on the Applications of Electricity to Mining Worlc. 
Second edition. 8to, cloth, illustrated 4 OO 

BPBTSRS (CliABSNOB Im). Text-Book of Physi- 
cal Chemistiy. 8to, doth 2 25- 

8TAHI< (A. W.), and A. T. WOODS. Elementary 
Mechanism. A Text-Book for Students of Mechanical 
Engineering. £k>T«»ntii ediuou, enlarged. l:;imo, 
clotk....:?... 200 

8TAI.EY (OAI>T)» and PIBBSON, GEO. S. The 
Separate System of Sewerage: its Theory and Cou- 
struction. Third edition, revised. 8to, cloth. With 
maps, plates and illustrations 8 00 

STEVENSON (DAVID, F.It.S.N.). The Princi^es 
and Practice of Canal and River Engineering. Re- 
vised by his sons David Alan Stevenson, B. be, F. R. 
S.E., and Charles Alexander Stevenson, B. 8c., F.R. 
8.E., Civil Engineer. Third edition, with 17 plates, 
8vo, cloth 1000 

The Design and Construction of Harbors, A 

'Treatise on Maritime Engineering. Third edition 

with24 plates, 8vo, cloth lO 00 

STEWART (B. W.). A Text Book of light, Adapted 
to the Requirements of the Intermediate Science 
and Preliminary Scientific Examinations of the Uni- 
versity of London, and also for General Use, 
Numerous Diagrams and Examples. 12mo, cloth. . 1 00 

STEW ABT (B. W.). A Text Book of Heat, Illus- 
trated, Svo, cloth 1 00 

A Text Book of Magnetism and Electricity, 160 

nius. and Numerous Examples. ISmo, cloth 1 OO 

STUJBS (AMOS). Tables for Field Engineers. De- 
signed for use in the field. Tables containing all 
the functions of a one degree curve, from which a 
corresponding one can be found for any required 
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degree. Also, Tables of Natural Sinei and Tangents. 
ISmo, moroooo, tucks 8 €• 

STTTXMAN (PAUI^. Steam Engine Indicator and 
the Improred Manometer Steam and Vacuum 
Gauges; their Utility and Application. New edition. 
12Bio,flexiblecloth.. 1 0& 

STONE (General BOT). New Beads and Boad Laws 
in the United States. 200 pages, with numerous 
iUustrations. 12mo. cloth 100 

STUABT (C. B., U. 8. N.). Lives and Works of CHtU 
and Military Engineers of America. With 10 steel- 
plate engravings. 8vo, cloth 5 00 

■ The Naval Dry Docks of the United States. Illus- 
trated with 24 fine Engravings on Steel. Fourth 
edition. 4to,cloth 6 00 

SWINTON (ALAN A. CAMPBBLL). The Elemen- 
tary Principle of Electric Lighting. Illustrated. 
12mo,cloth 60 

TBMPLETON (Win.)* The Practical Mechanic's 
Work-shop CJompanion. Comprising a great variety 
of the most useful rules and formulae in Mechanical 
Science, with numerous tables of practical data and 
calculated results facilitating mechanical opera- 
tions. Bevised and enlarged by W. S. Hutton. 
12mo, morocco 2 00 

THOM (CHAS.), and WILLIS H. JONES. Tele- 
graphic Connections: embracing Becent Methods in 
Quadruplez Telegraphy. Oblong, 8vo, cloth. 20 full 
page plates, some colored 1 50 

THOMPSON (EDWARD P., M. E.). How to 
Make Inventions; or. Inventing as a Science and an 
Art. A Practical Guide for Inventors. Second 
edition. 6vo, boards . 1 00 

• Boentgen Bays and Phenomena of the Anode and 

Cathode. Principles, Applications and Theories. 
For Students, Teachers, Physicians, Photographers, 
Electricians and others. Assisted by Louis M. 
Pignolet, N. D. C. Hodges,' and Ludwig Qutmann, E* 
E. With a Chapter on Generalizations, Arguments, 
Theories, Kindred Badiations and Phenomena. By 
Professor Wm. Anthony. Svo, cloth. 50 Diagrams, 
«Half tones 1 60 
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TODD (JOHN), ftDd W. B. WHAIX. Fractioftl 
Seami^iahip for Use in the Merchant Senrioe : Includ- 
ing all ordinary subjects; also Steam Seamanship, 
wreck Liftiner« AvoidiDg Collision, Wire Splicing, Dls- 

Elacement, and eTerytning necessary to be known 
y seamen of the present day. Second edition, with 

247 illustrations and diagrams. Svo, cloth 8 00 

TOOTHBD GB ABINO. A Practical Hand-book for 
Offices and Workshops. By a Foreman Pattern- 
maker. 184 Ulustrationi. 12mo, cloth S SS 

TBATMAN (B. E. BUSSEIX). Bailwav Track and 
Track Work. With over two hundred illustrations. 
8vo, cloth "^00 



appendices on Field Magnet and Armature Winding. 
Management of Dynamos and Motors, and Useful 
Tables of Wire Gauges. Illustrated. Sro, cloth ... S 60 
- Electricity and its Recent Applications. A Prac- 



tical Treatise for Students and Amateurs, with au 
Illustrated Dictionary of Electrical Terms and 
Phrases. Illustrated. ISmo.doth 2 00 

TUCKBB (Dr. J. H.). A Manual of Sugar Analysis, 
including the Applications in General of Analytical 
Methods to the Sugar Industry. With an Introduc- 
tion on the Chemistry of Cane Sugar. Dextrose, 
Lerulose, and Milk Sugar. 8vo, cloth. Illustrated. 8 50 

TUMURZ (Dr. O.). Potential and its Application to 
the Explanation of Electric Phenomena, Popularly 
Treated. Translated from the German by D. Robert- 
son. Illustrated. 12mo, cloth 1 25 

rUNNER (P. A.). Treatise on Boll-Tumlng for the 
Manufacture of Iron. Translated and adapted by 
John B. Pearse, of the Pennsylvania Steel Works, 
with numerous engravings, wood-cuts. Svo, cloth, 
with folio atlas of plates 10 00 

URQUHART (J. W.). Electric light Fitting. Em- 
bodying Practical Notes on Installation management. 
A Hand-book for Working Electrical Engmeers— 
with numerous illustrations. 12mo, cloth 8 00 

Electro-Plating. A Practical Hand-book on the 

Deposition of Copper, Silver, Nickel, Gold, Brass. 
Aluminum, Platinum, etc. Fourth edition. 12mo. . 8 00 
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UBQUHART, (J. W.)* Dynamo Ck)n8truc-tion : a 
Ftactical Hand-book for the Use of Engineer Con- 
staructors and Electricians in Charge, embraciag 
Frame Work Building, Field Magnet and Armature 
Winding and Grouping, Compounding, etc., with 
Examples of Leading English, American and Con- 
tinental Dynamos and Motors, with numerous illus- 
rafcions. 12mo,cloth S 00 

Electric Ship Lighting. A Hand-book on the 

Practical Fitting and Running of Ship's Electrical 
Plant. For the Use of Ship Owners and Builders, 
Marine Electricians and Sea Going Engineers-in- 
Charge. Numerous illustrations. 12mo, cloth 8 OO 

UNITBRSAL TELEGRAPH CIPHBR CODE. 
Arranged for General Correspondence. 12mo, cloth. 1 00 

VAN NOSTRAND'S ENGINEERING MAGA- 
ZINE. Complete sets, 1869 to 1886 inclusive. 

Complete sets, 36 vols., in cloth .. 60 00 

Complete sets, 85 vols., in half morocco 100 00 

TAN WAGENEN (T. F.). Manual of Hydraulic 
Mining. For the Use of the Practical Miner. 
Beviaed and enlarged edition. 18mo, cloth 1 00 

WALKER (SIDNEY F.). Electric Lighting for 
Marine Engineers, or How to Light a Ship by the 
Electric Light and How to Keep the Apparatus in 
Order. 103 illustrations. 8vo, cloth. Second edition. 2 00 

WALLIS-TAYLER (A. J.). Modem Cycles. A 
Practical Hand-book on their Construction and 
Bepair. With 800 illustrations. 8vo, cloth. 4 00 

Motor Cars, or Power Carriages for Common 

Boads. Svo, cloth, with numerous illustrations 1 80 

—^Bearings and Lubrication. A Hand-book for 
every user of Machinery. 8yo, cloth, fully illus- 
trated 160 

• Befrigeration and Cold Storage, and Ice-making. 

A practical treatise on the art and science of refrig- 
eration. With 361 cuts and diagrams. 8vo. Cloth. 

Illustrated net 4 50 

• Sugar Machinery. A Descriptive Treatise devoted 
to the Machinery and Apparatus used in the Manu- 
facture of Cane and Beet Sugars. 12mo, cloth. 
Illustrated S Oe 
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'WAKKIiTN (J. A.). A Practical Treatise on the 
Examination of Milk and its DeriTatives, Cream, 
Butter, and Cheese. 12mo,cloth ... 100 

Water Analysis. A Pra<^tical Treatise on the 

Examination of Potable Water. Tenth Edition. 
12mo,cloth 2 00 

WAN8BBOITOH (WM. D.)- The A. B. C. of the 
Differential Calculus. 12mo, cloth 150 

WARD (J. H.). Steam for the Million. A Popular 
Treaise on Bream, and its application to the useful 
Arts, especially to Navigation. 8vo, cloth 1 00 

WARING (GEO. E., Jr.). Sewerage and Land 
Drainage. Blustrated with wood-cuts in the text, 
and full-page and f oldiug plates. Quarto. Cloth. 
ThirdediSon 6 00 

Modern Methods of Sewage Disposal for Towns. 

Public Institutions and Isolated ffouses. Second 
sedition, revised and enlarged. 260 pages. Illus- 
trated, aoth 200 

How to Drain a House. Practical Information 

for Householders. New and enlarged edition. 12mo, 
doth .185 

WATSON (B. P.). Small Engines and Boilers. A 
Manual of Concise and Specific Directions for the 
Construction of Small Steam Engines and Boilers of 
Modem Types from five Horse-power down to model 
sizes. 12mo, cloth, niustratea with Numerous Dia- 
grams and Half Tone Cuts. New York, 1899 1 2S 

WATT (AI^EXANDER). The Electro-plating and 
Electro-refining of Metals : being a new edition of 
Alexander Watt's "Electro-deposition." Revised 
and largely rewritten by Arnold Philip, B.Sc. With 
numerous figures and engravings. 6vo. Cloth. Il- 
lustrated net 4 60 

Electro-Metallurgy Practically Treated. Tenth 

edition, considerably enlarged. 12mo, cloth 1 00 

The Art of Soap-Making. A Practical Hand-book 

of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c Including many New Processes, and a 
Chapter on the Becovery of Glycerine from Waste 
Levs. With illustrations. Fourth edition, revised 
andenlarged. 8vo 8 00 
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WATT ( AliBXANDBB). The Art of Leather Haira- 
facture. Bein^ a Practical Hand-book, in which 
the Operations of Tannine, Carrying, and Leather 
Dressing are Fully Described, and the Principles of 
Tanning Explainea, and many Recent Processes 
Introduced. With numerous illnstrations. Second 
edition. 8vo, doth 4 00 

HFBALB (JOHN). A Dictionary of Terms Used in 
Architecture, Building, Engineering, Mining, Metal- 
lurgy. Archaeology, the Fine Arts etc, with explana- 
tory obserrations connected with applied Science 
and Art. Fifth edition, revised and corrected. 12mo, 
cloth 850 

Weale's Rudimentaiy Sdentiflc Series (Catalogue 

sent on application). 

"WSBB (HBRBBBT ULWS), A Practical Guide to 
the Testing of Insulated Wires and Cables. Illus- 
trated. 18mo,cloth 1 00 

The Telephone Hand-book. 128 illustrations. 

146pages. Idmo, cloth 100 

WBEKES (B. W.y. The Design of Alternate Current 
Transformers. Illustrated. ISmo.doth 100 

-WBISBACH orULIUS). A Manual of Theoretical 
Mechanics. Ninth American edition. Translated 
from the fourth augmented and improved Gtorman 
edition, with an uitroduction to the Calculus by 
Eckley B. Coxe, A. M., Mining Engineer. 1,100 pages, 

and IMS wood-out illustrations. 8vo, cloth 6 00 

Sheep 760 

WBSTON (BDMUND B.). Tables Showing Loss of 
Head Due to Friction of Water in Pipes. Second 
edition. 12mo, leather ^ 1 50 

'WBYBIOUTH (F. MABTEN). Drum Armatures 
and Commutators. (Theory and Practice.) Acom- 

Slete Treatise on the Theory and Construction of 
•rum Winding, and of commutators for closed coil 
armatures, together with a full resume of some of 
the principal points involved in their design, and an 
exposition of armature re-actions and sparking. 

8vo, cloth 800 

'WHITE (W.H.,K.C.B.). A Manual of Naval Archi 
tecture. for use of Officers of the Royal Navy, Offl- 
cers of the Mercantile Marine, Yachtsmen, Ship- 
owners and Shipbuilders. Containing many figures, 
diagrams and tables. Thick 8vo, doth, illus 00 
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WHB1BI«BB (Prof. J. B.)* Art of War. A Course 
of Instrucuon in the Elements of the Art and 
Science of War, for the Use of the Cadets of the 
United States Military Academy, West Point, N. Y. 

12mo,cloth 175 

' Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cadets of the United 
States Military Academy, West Point, N. Y. 12mo. 1 75 

WHIPPIiX: (S., C. B.). An Elementary and Practical 
Treatise on Bridge Building. Svo, cloth 3 00 

WILKINSON (H. D.)* Submarine Cable-Laying, 
R epairing and Testing. 8vo, doth 4 00 

WUXIAMSON (B. S.)* On the Use of the Barome- 
ter on Surveys and Beconnoissances. Parti. Mete- 
orology in its Connection with Hypsometry. Part n. 
Barometric Hypsometry. With illustrative tables 
and engravings, 4to, cloth 15 00 

WIIXIAMSON (E. ».)• Practical Tables in Meteo- 
rology and Hpsometry, in connection with the use 
of the Barometer. 4to, cloth 2 50 

WILSON (GEO.). Inorganic Chemistry, with New 
Notation. Bevised and enlarged byH. Q. Madan. 
Newedition. 12mo, cloth 2 00 

WOODBURY (D. V.). Treatise on the Various Ele- 
ments of Stability in the Weil-Proportioned Arch. 
8 vo, half morocco 400 

WBIGHT (T. W.)* A Treatise on the Adjustment of 
Observations. With applications to Geodetic Work, 
and other Measures of Precision. 8vo, cloth 4 00 

Elements of Mechanics; including Kinematics, 

Ki netics and Statics. With application. 8vo, cloth. . 2 50 

WYIilE (CliAUDB). Iron and Steel Founding. Illus- 
trated with 39 diagrams. Second edition, revised 
and enlarged. 8vo, cloth 2 00 

YOUNG CJ. ELTON). Electrical Testing for Tele- 
graph Engineers, with Appendices consisting of 
Tables. 8vo, cloth. Illustrated 4 00 

YOUNG SEAMAN'S MANUAL. Compiled from 
Various Authorities, and Illustrated with Numerous 
Original and Select Designs, for the Use of the 
United States Training Ships and the Marine 
Schools. 8vo, half roan 3 00 

ZIPSER (JULIUS). Textile Raw Materials, and their 
Conversion into Yams. Translated from the Ger- 
man by Chas. Salter. 8vo, cloth. Illustrated 5 00' 
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THB VAN NOSTBAND SCIENCE SERIES. 

No. CO.— STRENGTH OF WROUGHT-IRON BRIDGE MEM- 
BERS. By 8. W. Robinson, C.K. 

No, 61.— POTABLE WATER AND METHODS OF DETECT- 
ING IMPURITIES. By M. N. Baker. 

Hex eft— THE THEORY OF THB GAS-ENGINE. By 
Dougald Clerk. Second edition. With additional 
matter. Edited by F. £. Ideli, M.E. 

Ma <UI.^HOUSE DRAINAGE AND SANITARY PLUMB- 
ING. By W. P. Gerhard. Sixth edition. Re- 
vised. 

No. 64.— ELECTRO-MAGNETS. By A. N. Mansfield. 

No. 66.-POCKET LOGARITHMS TO FOUR PLAGES OF 
DECIMALS. 

Ko. 66.-DYNAMO-ELECTRIC MACHINERY. By S. P. 
Thompson. With r.otes by F. L. Pope. Third 
edition. 

Mo. 67.— HYDRAULIC TABLES BASED ON "KUTTER'S 

FORMULA." By P. J. Flynn. 
Mo. 68.-STEAM-HEATING. By Robert Briggs. Third 

edition, revised, with additions by 4. R. Wolff. 
Mo. 6».-CHEMICAL PROBLEMS. By Prof. J. C. Foye. 

Third edition, revised and enlarged. 
No. 70.-EXPLOSIVE MATERIALS. John P. Wisser, U. S. A. 

No. n.— DYNAMIC ELECTRICITY. By John Hopkinson, 

J. N. Shoolbred, and R. E. Day. 
No. 78.— TOPOGttAPmOAL SURVEYING. By George J. 

Specht, Prof. A. S. Hardy, John B. McMaster, and 

H. F. Walling. 
No. 7I.-SYMB0LIU ALGEBRA; OB, THE ALGEBRA OF 

ALGEBRAIC NUMBERS. By Prof. W. Cain. 
No. 74.— TESTING MACHINES : THEIR HISTORY, CON- 

STRUCTION, AND USE. By Arthur V. Abbott 

Na 7IL-BECENT PROGRESS IN DYNAMO-ELECTRIO 
MACHINES. Being a Supplement to I>ynamo- 
Electric Machinery. By Prof. Sylvanus P. 
Thompson. 

No. W.— MODERN REPRODUCTIVK GRAPHIC PRO- 

CESSES. By Lieut. James S. Pettit, U.S. A. 
No. 77.— STADIA SURVEYING. The Theory of Stadia 

Measurements. By Arthur Winslow. 
No. 78.— THE STEAM-ENGINE INDICATOR* AND fTfl 

USE. ByW. B. LeVan. 

No. 79.-THE FIGURE OF THE EARTH. By Prank a 
Roberts, C.E. 

Mtb 80.-HEALTHV FOUNDATIONS FOR HOUSES. BST 
Glenn Brown. 
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No. 81. -WATER METERS: COMPARATIVE TESTS OP 
AOCURAOY, DELIVERY, ETC. Distinctive 
features of the Worthington, Eeimedy, Siemens, 
and Hesse meters. By Ross E. Browne. 

No. 82— THE PRESERVATION OF TIMBER BY THE USE 
OF ANTISEPTICS. By Samuel Bagster Bonl- 
ton,aK 

No. 83. -MECHANICAL INTEGRATORS. By ProfL Henry 

S. H. SHAW, C. E. 
No. 84. -FLOW OP WATER IN OPEN CHANNELS, PIPES, 

CONDUITS, SEWERS, ETC. With Tablea By 

P. J. Flynn, C. E. 
No. 85.— THE LUMENIPEROUS .^THER. By Plot de 

Volson Wood. 
No. 86. -HAND-BOOK OP MINERALOGY: DETERMINA- 

TION AND DESCRIPTION OP MINERALS 

FOUND IN THE UNITED STATES. By Prof. 

J. C. Foye. Fourth edition, revised. 
No. 87. -TREATISE ON THE THEORY OF THE CON- 

STRUCTION OP HELICOIDAL OBLIQUE 

ARCHES. By John L. Culley, C. E. 
No. 88. -BEAMS AND GIRDERS. Practical Formulas for 

their Resistance. By P. H. Philbrick. 
No. 89.-MODEBN GUN COTTON: ITS MANUFACTURE, 

PROPERTIES, AND ANALYSIS. By Lieut. 

John P. Wlsser, U. S. A. 
No. 90.— ROTARY MOTION AS APPLIED TO THE GYRO- 
SCOPE. By Gen. J. G. Barnard. 
No. 91.— LEVELING! BAROMETRIC TRIGONOMETRIC 

AND SPIRIT. By Prof . L O. Baker. 
No. 92.— PETROLEUM: ITS PRODUCTION AND USK By 

Boverton Redwood, P. L C, F. C. S. 
No. 9a-RE0ENT PRACTICE IN THE SANITARY DRAINAGE 

OP BUILDINGS. With Memoranda on the Cost of 

Plumbing Work. Second edition, revised. By 

William Paul Gerhard, C. K 
No. 94. -THE TREATMENT OP SEWAGE. By Dr. C. Mey- 

mott T\dy. 
No. 95. -PLATE GIRDER CONSTRUCTION. By Isami Hlroi, 

C. E. 2d edition, revised and enlarged. 
No. 96. -ALTERNATE CURRENT MACHINERY. By Gis* 

bert Eapp, Assoc. M. Inst., C. E. 
No. 97.— THE DISPOSAL OP HOUSEHOLD WASTES. By 

W. Paul Gerhard, Sanitary Engineer. 
No. 98.— PRACTICAL DYNAMO BUILDING FOR AMATEURS. 

HOW TO WIND FOR ANY OUTPUT. By Frederick 

Walker. Fully illustrated. 
No. 99-TRIPLE - EXPANSION ENGINES AND ENGINE 

TRIALS. By Prof. Osborne Reynolds. Edited, 

with notes, etc., by P. E. Idell, M. E. 
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No. 100.— HOW TO BECOME AN ENGINEER, or the Theo- 
retical and Practical Training necessary in flttinff 
for the duties of the Civil Engineer. By Prof. 
Geo. W. Plympton. 

No. lOl.—THE SEXTANT, and other Reflecting Mathemati- 
cal Instruments. With Practical Hints for their 
adjustment and use. By F. R. Brainard, U. & 
Navy. 

No. 102.— THE GALVANIC CIRCUIT INVESTIGATED 
MATHEMATICALLY. By Dr. G. S. Ohm, Ber- 
lin, 1827. Translated by William Francis. With 
Preface and Notes by the Editor, Thomas D. 
Lockvvood, M.I.E.E. 

No. 103.— THE MICROSCOPICAL EXAMINATION OF 
POTABLE WATER. With Diagrams. By Geo. 
W. Rafter, 

No. 104.— VAN NOSTRAND'S ^TABLE BOOK FOR CIVIL 
AND MECHANICAL ENGINEERS. Compiled 
by Prof. Geo. W. Plympton. 

No. 106.— DETERMINANTS. An Introduction to the Study 
of, with Examples and Applications. By Prof. 
G. A. Miller. 

No. 106.— COMPRESSED AIR. Experiments upon the 
Transmission of Power by Coinpressed Air in 
Paris. (Popip's System.) By Prof. A. B. W. 
Kennedy. The Transmission and Distribution of 
Power from Central Stations by Compressed Air. 
By Prof. W. C. Unwin. 

No. lOr.-A GRAPHICAL METHOD FOR SWING-BRIDGES. 
A Rational and Easy Graphical Analysis of the 
Stresses in Ordinary Swing-Bridges. With an 
Introduction on the General Theory of Graphical 
Statics. By Benjamin F. La Rue. 4 Plates. 

No. 108.-SLIDE VALVE DIAGRAMS. A French Method 
for Constructing Slide Valve Diagrams. By Lloyd 
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